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Abstract 
Florida pompano ITrachinotus carolinus) are highly prized food and sport fish 
indigenous to coastal areas of the southeastern United States. A commercially valuable 
fishery has historically existed in the Gulf of Mexico and on the South Atlantic 
seaboard. Efforts to economically culture Florida pompano in a captive environment 
were only partially successful. Four experiments were performed to explore the physical 
and environmental requirements of Florida pompano and other closely related species in 
the Family (Carangidae): 
Experiment #1- Semi-natural spawning was induced with newly developed hormonal 
implants. to initiate and sustain semi-natural spawning in captive Florida pompano. 
Fish collected from the wild were induced to spawn naturally using the hormone 
luteinizing hormone-releasing hormone. Sexually mature male and female fish received 
ethylene-vinyl acetate copolymer (EVAC) implants containing either 25 IIg/Kg LHRH-a 
(experimental), or placebo implants containing no LHRH-a (control). Spawning and 
natural fertilization commenced 1 d post implantation and continued through 9 d. A 
total of 202,700 eggs were collected. Overall mean fertilization success in the 
experimental groups was 44%. No spawning occurred in the control groups. Hatching 
success of all fertilized eggs was > 90%. Results indicate that effective spawning and 
natural fertilization can be initiated and maintained with continuous release LHRH-a 
implants. 
Experiment #2 - Different growout environments, compared the growth of juvenile 
Florida pompano cultured in three captive growout environments over a 95 day growOlft 
period. One of the experimental growout environments was a tall (height/diameter) 
polyethylene tank that had an upwelling current. Five (N=5) fish 19.0±O.65g were grown 
in each of the upwelling tanks (5 replicates). A second group of pompano were grown in 
net cages. Five (N=5) fish 20.8±O.56 g were grown in each of the circular net cages (5 
replicates). A third treatment, standard circular, tangential-flow tanks (1,776 L)( 4 
replicates), were stocked with (N=12) juvenile pompano 19.3±O,41g. Weekly sampling 
was done to assess any change in weight, and to facilitate tank and cage cleaning. A 
pelletized feed specifically formulated for Florida pompano was supplied to all fish at a 
10% body mass/day ration. 
Juvenile Florida pompano in the upwelling environment displayed significantly 
greater growth (P<0.05) than did those in either the net cage environmeht, or in the 
standard circular tangential-flow tanks during the first seven weeks of the experiment. 
Fish in the net cage environment exhibited significantly less growth (P<0.05) after week 
#2, and for the remainder of the experiment. A daily weight gain of 1.49g/day in the 
upwelling tanks was one of the best growth rates ever reported for juvenile Florida 
pompano in captivity. Expanded use of an upwelling tank environment is indicated for 
the early stages of growout, and may be warranted for long term cultivation in a space-
limited setting. 
Experiment #3 - An experimental diet specifically formulated for Florida pompano 
was compared to a standard pelletized trout chow (Purina). An experimental diet 
treatment was supplied to twelve (N=12) fish that weighed 19.3±O,41g (4 replicates), 
and were stocked into 1,776 L circular, tangential-flow tanks. The control treatment 
receiving trout chow (N=12) weighed 19.6±O.68g (4 replicates), were stocked into 
identically configured tanks. All groups were fed at a 10% body mass/day ration of 
either trout chow or experimental diet. The experimental period was 59 days. 
iii 
The groups of juvenile Florida pompano that received the experimental diet exhibited 
significantly better growth (P<0.05) beginning at week #3, and continuing until the end 
of the eight week experiment. Overall, growth for the experimental groups after was 
10% greater than those in the control groups. The dally growth rate of the juvenile 
Florida pompano receiving the experimental diet was 1.38g/ day as compared to a 1.09 
g/ day growth rate in the groups receiving trout chow. There was no significant difference 
in water quality between groups, and no indication that a diminution of water quality 
had occurred in the tanks at any time. The continued testing and administration of the 
experimental diet to captive Florida pompano is strongly suggested. 
Experiment #4 - Two modes of feed application were tested on juvenile Florida 
pompano. An experimental group (N=10) 158±6.4g (4 replicates), were allowed to feed 
themselves by use of a demand feeder. A control treatment (N=10) 159±2.9g (4 
replicates) were supplied with an equally divided daily feed ration at two preset times 
during the day to simulate hand feeding. Food application in the control group was 
made by a vibratory feeder. All groups were fed at a 6% body mass/day ration with 
Purina® Trout Chow. The Florida pompano were grown out in identical 1,776 L 
circular, tangential-flow tanks. 
After 79 days in culture, the experimental groups exhibited no significant difference 
in weight over the control groups (P>0.05). Several reoccurring problems were 
instrumental in changing food deliverypattems in the tanks with the demand feeding 
regime. Typically, the ten fish in the demand feeding tanks would repeatedly strike the 
demand bar (day or night} until all of the dally ration had been dispensed. Other 
problems including environmeo.tal interference (wind and rain activating the demand 
feeders), and mechanical fallure (freshwater feeders in a marine environment) effected 
the demand feeders operation. Demand feeding may be an alternate feeding method for 
Florida pompano if environmental control is available, modifications can be made to 
improve the feeders in a marine environment, and the pool of fish being fed is 
sufficiently large enou~ to absorb almost continual feed application at the maximum 
rate of delivery possible from this type of feeder. 
iv 
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CHAPTER 1: INTRODUCTION 
The Florida pompano (Trachinotus carolinus) has received as much 
interest, as many investment dollars, and more attempts at profitable 
culture than probably any other species of marine fish in the history of 
u.s. aquaculture (Cuevas, 1978). Its culture represents more than forty-
five years of effort on the part of scientists, businessmen, and farmers to 
establish and sustain profitable production aory, et. aI., 1985). To date, all 
efforts at continued self-sustaining production have been thwarted by a 
number of recurrent technical and logistical problems (Ryther, et aI., 1989). 
The goal of this research was to identify the most significant biological 
culture difficulties and address some of these problems experimentally. 
1.1. Species Selection 
;:.. 
Florida pompano have long been recognized as a premier foodfish 
(Bardach, et aI., 1972). Extremely fine scales, in conjunction with thick rib 
bones and laterals favor the typical method of serving the fish which is 
whole, head-on, and often stuffed with crab or other shellfish. The taste of 
pompano has been described as "sweet, nutty, and rich" (Marcello and 
Strawn, 1972). Its richness has often been ascribed to the slightly oily 
composition of the white, flaky flesh. Methods of preparation include 
baking, sauteing, and grilling, with the former method preferred in many 
of the more up-scale gourmet restaurants in culinary centers such as New 
Orleans. 
1.1.1 Taste Tests 
Three separate evaluations on the taste favorability of pompano have 
been conducted as part of simultaneous research into various culture 
methods. Iversen and Berry (1969) conducted taste tests using 13 panelists 
to ascertain potential differences in flavor, texture, appearance, and aroma 
between four similar carangid species. Florida pompano, both wild and 
cultured, were evaluated against permit (Trachinotus falcatus), palometa 
(Trachinotus goodei), and Brazilian parona (Parana signata). The results 
indicated that Florida pompano were superior in taste to the other species 
tested, and the study demonstrated almost no taste difference between 
cultured and wild caught fish. 
Another study used an organoleptic survey of a 12 member taste panel 
;;:: 
to evaluate flavor, mouth-feel, appearance, and overall satisfaction of 
three fish species grown in the intake and discharge canals of a steam-
electric generating station located at Galveston Bay, Texas. In the opinion 
of the judges, Florida pompano received an overall satisfaction rating of 
91 %, as compared to a 77% satisfaction rate for Atlantic croaker 
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(Micropogon undulatus), and an overall satisfaction rate of 73% for 
pin fish (Lagodon rhomboides) (Marcello and Strawn, 1972). 
A more extensive effort was made by Cuevas (1978) when 130 surveys 
were tabulated from consumers who had purchased cultured pompano 
grown at the Claude Peteet Mariculture Center (CPMC) in southern 
Alabama. The harvested fish were tfansported on ice five hours north to 
Auburn, Alabama. There they were sold in local supermarkets. The fish 
were decidedly smaller than the one pound (454 g.) size desired by most 
supermarkets. Two racially distinct groups of consumers found the taste 
of pompano to be either "good" or "great", 97% and 98% of the time, 
respectively. 
1.1.2. Commercial value 
The most convincing argument for the superior taste of pompano is itS 
continued high demand. It has been noted that pompano traditionally 
comprise only about 1% of the commercial landings of fish in Florida. · Yet 
;:, 
they typically account for 5% of the total revenue received from the sale of 
those landings (Bardach et aI., 1972). The wholesale price of pompano in 
the "round" (head on and not gutted), ranged from $4.00-$8.00/pound 
during the 1980's. Prices paid for fillets, if available, routinely doubled the 
prices paid for pompano in the round Gory et aI., 1985; Gilbert and Parsons, 
1986; McMaster, 1988). Retail mark-up in markets and restaurants seldom 
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falls below the 100% threshold. Thus, the average consumer can expect to 
pay $8.00 to $16.00 per pound for pompano, depending on how the fish is 
dressed and how it has been prepared. These already high prices could go 
even higher as the 1995 state constitutional ban on gill netting further 
reduces the available supply of pompano. Preliminary reports from 
regional fish markets seem to indicate a reduction in the amount of 
Florida pompano available in the marketplace, beyond the standard 
seasonal fluctuations, may already be occurring. Prices however have not 
increased far beyond traditional norms. Perhaps this is in part due to a 
perceived maximum amount the public, restaurateurs, and retailers are 
willing to pay per pound. 
1.1.3. Commensurate Species 
Two other closely related carangid species, the permit (Trachinotus 
falcatus) and the palometa (Trachinotus goodei) have also been proposed 
as candidates for aquaculture (Berry and Iversen, 1967; Gomez and 
-
Crevigon, 1984; Soletchnik et aI., 1988). Both of these fish ~re found 
within the range of the Florida pompano. Permit attain a much larger 
adult size of 10-20 Kg, versus the typical 0.5-2 Kg mass of an adult 
pompano (Berry and Smith-Vaniz, 1978). Similar sized fish of both species 
are occasionally sold together as the higher valued Florida pompano. 
When distinctions are noted, juvenile permit may be called "round 
pompano". This designation may help achieve the sales status of the 
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more desirable Florida pompano. Reported landings of permit ranged 
between 18,274-89,519 Kg per annum from 1984 to 1993 O. Bennett, NMFS 
personal communication cited In: Watanabe, 1995). 
No commercial sales data are available in the U.S. for the much less 
frequently encountered palometa. In the French West Indies palometa are 
the predominant species of the genus Trachinotus . They comprise part of 
the local fisheries and can supply 50% of the desired foodfish (Thouard et 
aI., 1990). Growth studies of both permit and palometa indicate that 
palometa may meet the criteria for consumer acceptance as an aquaculture 
species if a persistent parasitic disease challenge can be overcome (Thouard 
et a!., 1990). 
1.1.4. Alternative Markets 
---Another potential advantage of selecting species from this family 
(Carangidae) is their value as marine ornamental fish. Two members of 
Carangidae, the yellow bar jack (Gnathanodon specious) a.k;a. Golden 
Trevally and the lookdown (Selene vomer), are already commercially 
desirable species. Juveniles of both species are sought after by the marine 
ornamental wholesale trade. A small 5 cm lookdown will command as 
much as $9 per fish on the wholesale market. Similar sized golden bar 
jacks are worth $ 3-4 per fish (personal communication Bruce Brande, 
International Fisheries Inc., Hialeah, FL). Concerns over the juveniles 
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eventually reaching their adult size, 6-10 Kg for the yellow bar jack and 0.5-
1 Kg for the lookdown, are usually mitigated by their beauty and 
hardiness. Water quality, food quality and quantity, and the tank size 
seem to exert a strong inhibitory effect on the growth of many fishes 
(Schreck, 1981). 
Pompano and palometa may have inherenf secondary value as marine 
ornamental fish. Supplementary income from the sales of small (2-5 cm) 
pompano or palometa could be decisive in the economic survival of a 
commercial aquaculture facility. The slower growing or stunted fish 
normally discarded soon after the spawning process would require little 
additional maintenance or food to become salable ornamentat marine 
fish. 
1.2. Species Taxonomy and Morphology 
1.2.1. Taxonomic Designation 
The recognized common name "Florida pompano" is a relat9-'ely new 
deSignation. It was prOVisionally accepted by the Common Names 
Committee of the American Fisheries Society in 1%9. Prior to this time it 
had commonly been referred to as: pompano, common pompano, Atlantic 
pompano, "sunfish", pompaneau sole (French), and pampano amarillo 
(Spanish) (Gilbert and Parsons, 1986). The need for a specific common 
name stems from the fact that there are 22 or more known species of fish 
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in the genus Trachinotlls worldwide. Some of the less-desirable jacks such 
as palomine (Trachinotus ovatus) from the west coast of Africa, and the 
parona (Parona signata) from the east coast of South America, have been 
imported and sold as "pompano" in the United States (Iversen and Berry, 
1969). 
1.2.2. Morphology 
Taxonomically the Florida pompano (Trachinotus carolinu5 Linnaeus) 
is in the Order Perciformes, and the Family Carangidae. The body 
morphology is generally flattened or overall compressed (Figure 1). It is 
comparatively short and deep (2.0-2.8 times the fork length), with similar 
dorsal and ventral profiles aordan and Evermann, 1896; Ginsburg, 1952). 
The tail is deeply forked, and no scutes are found on the caudal peduncle. 
Six short dorsal spines precede one large spine and 22 tQl27 soft dorsal rays 
of the second dorsal fin. Insertion of the second dorsal fin on the body is 
slightly ahead of the origin of the anal fin. The anal fin has two short 
spines and 20 to 24 soft rays. There is a single irregular lateral line with 
;?:-
five or six slight undulations as it progresses toward the tail (Fields, 1962). 
The head slopes to a blunt snout with a slightly subterminal protrusible 
jaw that is relatively small being only 15-25% of the total head size. 
Pharyngeal "crushers" or plates are located at the posterior end of the 
buccal cavity to smash the hard shells of various benthic crustaceans. 
Florida pompano scales are very small, cycloid, and only partially 
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Florida Pompano (Trachinotus carolinus) 
Average size 0.45-1.4 Kg 
Commercial landings: 
122Q - 438,666 Kg 
1221-1994 - 240,909-290,909 Kg 
1995 - 177,273 Kg 
(Murphy et aI., 1996) 
Palometa (Trachinotus goodei) 
Average size 0.11-0.45 Kg 
High commercial value where available. 
Moderate availability in Caribbean. 
Negligible U.S. landings. 
Permit (Trachinotus falcatus) 
Average size 2.8-9.1 Kg 
Undetermined commercial market. Immature permit often sold as Florida 
Pompano, or "Round Pompano". Adults support valuable sportfishery in 
South Florida and Florida Keys. 
Figure 1: Three species of jacks indigenous to south Florida with potential 
aquaculture value. The average size for each species is provided, and the 
graphic size differentials are approximate. Illustrations provided with 
permission Florida Department of Environmental Protection, Fishing Lines -
Anglers Guide to Florida Marine Resources. 
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embedded. There are no teeth on the tongue of pompano at any size 
(Gilbert and Parsons, 1986). Little or no sexual dimorphism has been 
recorded other than a possible" size difference in mature fish. 
The average size of mature pompano ranges between 300 mm (age 1) 
and 340 mm (age 3). At age one approximately 50% of the pompano have 
reached sexual maturity. By age three 100% of the pompano will have 
become sexually mature (Personal communication, Peter Hood). Fish that 
have a fork length of 300 mm (12 inches), will typically weigh greater than 
454 g. (lIb). The Florida state record for hook and line capture is 3.7 Kg (8 
lb., 1 oz). Hood (1997) obtained a 565 mm pompano estimated to be 7 years 
old. Anecdotal evidence of pompano in excess of 9.1 Kg (20 lb.) presented 
by Gregg (1902) and Fields (1962) was probably a misidentification of permit 
by commercial fisherman. However, a natural (but unlikely due to the 
size, habitat, and typical species segregation pressures) permit X pompano 
hybrid should not be overlooked as a possible explanation however. 
The color in Florida pompano can be highly variable. It can range from 
a silvery white in freshly caught fish from oceanic waters, to a very dark 
bluish black dorsal color with a brilliant yellow underbelly in fish collected 
from estuarine waters. In addition to the golden ventral shading, the 
pelvic and anal fins in mature fish may also have yellow highlights. 
Juvenile fish ordinarily show yellow coloration on the anterior rays of the 
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anal fin. There may also be a color change (darkening pigmentation) 
noted in fish that are sick or stressed (Hoff, 1976). 
Distinctions between Florida pompano and permit are easily made with 
a practiced eye. Permit are more deeply bodied, with a higher dorsal 
profile than pompano. They also have a much rounder silhouette. The 
bright, flashy "silver dollar" appearance of juvenile permit contrasts 
sharply with their orange tinted pelvic and anal fins. Positive 
identification can be made by counting the 17 to 21 soft dorsal rays of the 
second dorsal fin, as compared to the 22 to 27 soft dorsal rays found in 
pompano. Likewise, permit have fewer (16 to 19) soft anal fin rays in 
contrast to the 20 to 24 anal fin rays noted in pompano. A distinguishing 
feature noted only in small permit, are the presence of small teeth on the 
tongue. This feature may persist until the fish reaches 200 mm (8 in) in 
size (Johnson, 1978). 
Permit grow to a much larger adult size than do Florida ;pompano. 
Common sizes range from 9.1 Kg (20 lb.) to 18.2 Kg (40 lb.) The hook and 
line record for permit in Florida is 24.3 Kg (51 lb., 8 oz.). As with 
pompano, permit possess strong pharyngeal crushers. 
Color variation in permit is exceptionally diverse. Some juvenile fish 
have been captured that were almost entirely black (Johnson, 1978). 
10 
Others ranged from a bluish-white color, to chocolate, to a silver color 
thickly covered with brown spots. Many of the color phases can change 
rapidly and have been associated with the physical environment or the 
physiological state of the fish (Fields, 1962). Most exhibit a bright orange to 
red anal fin color. Fish over 200 g. often display a dark shaded patch 
centrally located on the body between the origin of the soft dorsal fin and 
the anal fin. 
Palometa are strikingly different from either the pompano or permit. 
While manifesting the same general body form as pompano and permit, 
they typically have elongated soft dorsal and anal fins. These fins are 
usually a dark dusky color. Five dark vertical bars are displayed on the 
sides starting behind the pectoral fins and ending on the caudal peduncle. 
No teeth are found on the tongue at any age. The palometa seldom exceed l 
1 Kg (2.2 lb.), and are usually much smaller. Total length for mature fish 
does not usually surpass 13 or 14 inches (33-35 em) (Bohlke and Chaplin, 
1968). 
1.3. Ecology 
1.3.1. Range and Distribution 
The geographic range of pompano extends from southern Brazil, 
throughout the West Indies and eastern Central America, as far north as 
Massachusetts, USA. The incidence of occurrence along the eastern U.S. 
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seaboard finds the fish to be relatively abundant, at certain times, 
throughout much of its northward range to the Chesapeake Bay. From 
Maryland to the northern most point of its range, summer populations of 
Florida pompano are considered to be scattered and rare. They are limited 
solely to coastal areas in the western Atlantic, but have several close 
relatives of the same genus found along much of the African continental 
coastline. The most notable example of the African species is (Trachinotus 
a!ricanus), which closely resembles the Florida pompano in both 
appearance and behavior (Smith, 1967). There are also similar, but distinct 
species represented in the eastern Pacific (Berry and Smith-Vaniz, 1978). 
1.3.1.1. Adults 
Along the east coast of Florida, Georgia, and South Carolina there is a 
definite migratory pattern for Florida pompano. During October, 
November, and December, large numbers of adult pompano move 
southward along the coast until a majority of the fish are centered in the 
Melbourne to Miami region. Presumably this migration (Fig 2) is in 
> 
response to a drop in water temperature, but it may also be linked to the 
shortening photoperiod (Finucane, 1969b; Gilbert and Parsons, 1986). 
The fish remain in the southern part of their range throughout 
December, January, and February (Murphy et a!., 1996). They are often 
aggregated in large schools (Murphy et a!., 1996). It is unknown if the 
12 
\. 
- --, 
.. -
T.Uah.aucc • 
Gulf of Mexico 
Approximate Winter Range ~ 
Approximate Swnmer Range ~ 
,~ 
, 
---- ....... 
~, . 
I_viii. Atlantic 
Figure 2: Traditional summer and winter range (approximate) of adult 
Florida pompano in the coastal waters of Florida. 
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formation of large schools of pompano are associated with the approach of 
the spawning cycle. During this time the fish sometimes move into 
brackish bays and estuaries. While in these tidal bays and rivers the fish 
actively forage for food. Wide rages of salinity, water temperature, and 
turbidity are evident (Gilbert and Parsons, 1986). There is no evidence that 
any spawning activity occurs while the fish are in inshore or estuarine 
waters. The absence of eggs or larvae collected in these locations support 
this observation. 
1.3.1.2. Spawning and Larvae 
Because the largest wave of juvenile recruitment traditionally occurs in 
June and July, it has been suggested that peak spawning occurs during 
April and May (Finucane, 1969). The large number of 10-30 mm juvenile 
fish that settle on gently sloping low-energy beaches from Daytona Beach 
to Jacksonville Beach during this time would tend to support this 
prediction based on the average time (14-23 days) needed to achieve 
metamorphosis in captivity (Hoff, 1978b). 
The actual location of spawning is ambiguous. Based on the collection 
of two small specimens, one on the Gill cruise 3 in August of 1953, and 
the other on the Gill cruise 8 in September of 1954, offshore spawning of 
the east coast pompano was cited. Because the capture location was far 
offshore, it was proposed that the spawning occurs "either in the Gulf 
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Stream or in locations where the transport and distribution of the eggs and 
larvae are influenced by this current" (Fields, 1962). Support for offshore 
spawning on the west coast of Florida was further provided by Finucane 
(1969b) when two larval fishes were collected in the offshore waters of 
Tampa Bay. Both larvae were identified as being in the genus 
Trachinotus. One was collected on June 8, 1964 approximately 15 miles 
offshore, and the other was collected on May 12, 1964 approximately 5 
miles offshore. Collection of larvae during this time falls within projected 
spawning times on the east coast. 
Quantitative sampling of larval fishes in the inner and outer surf zone 
of Horn Island, Mississippi further substantiates the suggestion that 
spawning may occur some distance offshore. Only a small number of late 
larvae Florida pompano entered the surf zone during the study period. 
The surf zone served primarily as a nursery area for juvenile Florida 
pompano (Ruple, 1984). 
A more complete survey is clearly indicated for the major stocks of 
Florida pompano located in south Florida during the major spring 
spawning event. Proximity of the Gulf Stream, moon phases, and diel 
migratory patterns should be noted in relation to where spawning occurs. 
Any knowledge concerning this important phase of the Florida pompano 
lifecycle would be most valuable. 
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The notable absence of pompano and permit in the fish populations of 
Bermuda likely occurs due to the spatial separation of the spawning 
grounds by the Gulf Stream (Nichols, 1934). In this scenario, fishes 
spawning on either side of the Gulf Stream would tend to experience 
decreased transport of pelagic larvae directly across the Gulf Stream, but an 
increased northward pattern of distribution would likely be manifested 
(Gilbert and Parsons, 1986). Additionally, these patterns of distribution 
would also correspond to the natural thermal limitations imposed by each 
species' individual physiological requirements. Limited populations of 
palometa (T. goodej) in Florida probably occur for similar reasons. 
1.3.2. !}!pical Habitat and Diet 
Identification of where Florida pompano live, and what they eat in 
their natural habitat may provide insight into developing a better culture 
environment, and help select which natural dietary items may be most 
closely approximated in the captive diet. Clearly, feeds that !esemble a 
pompano's natural dietary preference in nutritional composition, flavor, 
texture, appearance, and size are more likely to be accepted than feeds that 
have very dissimilar characteristics. 
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1.3.2.1. Adults 
Gunter (1945) accurately described pompano as being "largely a denizen 
of the surf". Sportfishermen, in particular surfcaster's, support this 
observation by harvesting sizable numbers of adult fish from the 
nearshore waters of the surf each year. Although there are few scientific 
descriptions of adult pompano in their natural habitat, commercial and 
recreational fisherman confirm that legal sized pompano (>10 inches FL) 
frequent the sloughs and first sandbar of Aigh energy beaches with great 
regularity. They also invade tidal rivers, inlets, and bays in substantial 
numbers at times. 
The long held beliefs by fisherman that pompano are primarily daytime 
feeders, or predators capable of capitalizing on bright moonlit nights, may 
be accurate. Armitage (1980) found evidence that mature pompano feed 
primarily during the daylight hours. There was also an indication that 
mature pompano are more opportunistic in their feeding behaviors than 
are juvenile pompano. In the Indian River from Vero Beach'to Cocoa 
Beach, mature fish fed predominantly on bivalve mollusks in the genus 
Tellina. Other studies in Tampa Bay, Florida and in Puerto Rico have 
also indicated bivalve mollusks as a primary food source of adult 
pompano (Evermann and Marsh, 1902; Finucane, 1969). 
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1.3.2.2. Juveniles 
It has been noted that juvenile pompano do not exhibit selective 
feeding behaviors since prey of low caloric value as the mole crab,(Emerita 
talpoida) were selected as frequently as the more nutritious coquina clam 
(Donax variabilis) (Armitage and Alevizon, 1980). The diet composition 
of juvenile pompano probably reflects the availability of prey in a 
particular habitat. It has been noted that predators can maximize their 
net energy gain over a given feeding interval, or they can meet their 
energy requirements in the shortest time possible (Schoener, 1969). 
Selective feeding on high caloric value prey alone was insufficient to 
support metabolic requirements. 
The arrival of small (15-30 mm) juvenile Florida pompano on beaches 
first occurs in early April in Florida (Moe et aI., 1968). These fish are 
undoubtedly the resulting progeny of the predominant spring spawning 
event in February and March. Continued, numerically smaller, waves of 
diminutive recruits appear on the beaches throughout the ' 'summer, 
indicating a prolonged spawning cycle that progresses well into the fall. A 
second reported influx of small Florida pompano on the beaches of St. 
Augustine during the early fall may indicate a secondary spawning event 
of lesser magnitude during the late summer (Moe et a!., 1968). This report 
has yet to be confirmed elsewhere. 
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Larval and post-larval Florida pompano show up on the beaches of 
Georgia from mid-April to mid-May. The 10-30 mm standard length (5L) 
recruits settle on gradually sloping sandy beaches to feed and grow (Fields, 
1962). In Texas, the young fish first appear in June (Gunter, 1945). Their 
settlement size of 13-15 mm is consistent with the settlement sizes of the 
earliest juvenile pompano in other regions. 
Stomach content analysis of the smallest juvenile Florida pompano (11-
30 mm) captured from the surf zone of Hom Island, Mississippi, revealed 
that calanoid copepods comprise over 60% of their diet (Modde and Ross, 
1983). This observation may have important implications in determining 
the appropriate length of time juvenile fish are fed live diets in captivity 
since prey selection exhibits a positive correlation to mouth gape (Eda et 
al.,1990). 
Once the fish are 30 mm or more in length, various benthic organisms 
such as polychaetes, mole crabs Emerita spp., clams Donax, Y'd small 
shrimp became the dominant food items (Modde and Ross, 1983). In 
Louisiana, Bellinger and Avault (1971) found similar evidence that 
bivalves, penaeid shrimp, amphipods, and polychaetes were also preferred 
prey species; whereas, Armitage and Alevizon (1980) noted that mole crabs 
Emerita spp. and coquina Donax variabilis were incorporated into the 
diet of juvenile fish on Florida's east coast. Another study in Tampa Bay, 
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Florida, specified dipterans, amphipods, and especially Donax as important 
quarry for juvenile Florida pompano (Finucane, 1969b). 
Feeding patterns of juvenile Florida pompano resemble the feeding 
patterns of adult Florida pompano. Foraging activity begins in the 
morning. The empty stomach volume of juvenile pompano steadily 
increases through the morning until the filled stomach volume peaks in 
early afternoon (Moddeand Ross, 1983). Like mature fish, juveniles are 
principally diurnal feeders. As soon the ambient light level enables the 
fish to see its food, feeding is initiated (Heilman, 1997). 
Early stage juveniles display very good growth rates. Predation on 
calanoid copepods that began during larval stages often continues well 
into early juvenile stages if the copepods are available. Several researchers 
have recorded growth rates as high as 22 mm/month (Fields, 1962; 
Finucane, 1969a). Bellinger and Avault (1970) noted an exceptional 
growth rate of 36 mm/month. In contrast, average growth, rates for 
,,~ 
captive juvenile Florida pompano are slightly higher. Berry and Iversen 
(1967) saw the growth rate for captive fish peak at 21 mm/month, while 
others reported growth rates of 24 mm/month and 30 mm/month 
respectively (Moe et ai., 1968; Finucane, 1969b). When the juvenile 
pompano have matured sufficiently, they move away from the immediate 
surf zone and into deeper water. In mid-July juvenile Florida pompano 
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on beaches in Georgia migrated when 60-70 mm in size (Fields, 1962). 
Juvenile fish approximately 120 mm in size were reported to leave Florida 
beaches (Iversen and Berry, 1969) This migration may be a response to 
changing dietary or foraging patterns, predator avoidance, reproduction, or 
it may simply reflect an inability of beach seines to trap larger fish. 
1.3.3. Enyironmental Requirements 
The environmental conditions that wild fish encounter are those to 
which countless generations of Florida pompano have already been 
adapted. Providing similar environmental conditions to those found in 
nature is a logical place to begin the determination of what the optimum 
culture conditions are for captive Florida pompano. Fish in the natural 
environment contend with changing seasons, tides, and aberrant currents. 
The advantage that they posses over captive fish is the ability to rapidly 
migrate to more favorable locations. Captive fish are unable to escape 
changes in temperature, salinity, or dissolved oxygen (DO). The additional 
stress of close confinement with high densities of other fish can intensify 
.";), 
the effects of those environmental parameters. The highly toxic effect of 
unionized ammonia (NH3) and nitrite (NO;) is seldom encountered in 
the natural environment. Knowing those toxicity levels, and the 
exposure limitations they impose, is critical. 
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1.3.3.1. Temperature 
The most comprehensive study of pompano temperature tolerances 
was conducted at the University of Miami (Kumpf, 1972). In a controlled 
laboratory setting it was determined that juvenile pompano could tolerate 
temperature extremes from a low of S.5-9.5"C to a high of 36.4-39.5"C, at a 
salinity of 32-33 ppt. It was also determined that temperature tolerance 
and feeding were correlated to salinity. Captive pompano fed longer and 
survived a greater range of temperature changes, at 32 ppt salinity. An 
interesting observation was the cessation of feeding approximately 2"<: 
prior to the LCso (lethal concentration, at which 50% of the animals died) 
for high and low temperatures. 
Moe et al. (1968) found similar results in laboratory experiments 
designed to determine temperature minimums. Symptoms of "cold-
stress" became apparent at 12°C and complete mortality occurred at 10"<:. 
The salinity was 33 ppt for all experiments conducted. The rate at which 
temperature extremes occurred was also important. Culture si~s in the 
Florida Keys sometimes experienced catastrophic mortalities at 15°C if the 
temperature fluctuations occurred too rapidly (Personal communication 
Ray Lewis, Aquatic Indicators). 
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1.3.3.2. Salinity 
The range of salinities tolerated for juvenile Florida pompano can be 
remarkable. Kumpf (1972) was able to lower the salinity concentration of a 
series of tanks containing juvenile Florida pompano, averaging 29 g/fish, 
from 32 ppt to 0.5 ppt. Only at the lowest level (0.5 ppt) was the LCso 
reached after seven (7) days of exposure. A reduction in feeding was not 
observed until a salinity of 2.0 ppt had been reached (Kumpf, 1972). 
Experimental results have shown that juvenile Florida pompano c~n 
be collected from natural sources and placed into low salinity (3.5 ppt) 
water. Further reduction in salinity to 1.0 ppt can be accomplished over 
the next 12 days without significant mortality (Allen and Avault, 1970). It 
has been suggested that juvenile Florida pompano could be routinely 
stocked directly into water with a salinity as low as 5.0 ppt (Allen and 
Avault, 1970). Earlier experiments by Moe et al. (1968) found that Florida 
pompano, which averaged 175 mm SL in size, could thrive at a salinity as 
low as 1.27 ppt. These results indicate that at a static temperature (25°C), 
pompano aquaculture is well suited for salinities far less than those of 
normal seawater. This has important growth implications. Fish in a low 
salinity culture environment may not have to expend as much 
physiological energy expelling salt from the body as those at higher 
salinities, or there may be an optimum salinity level that minimizes the 
amount of energy expended to manage osmoregulation. Another 
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potential advantage of using lower salinity water may also be the 
inhibition of pathogens normally found in high-density marine 
aquaculture. 
Dissolved Oxygen 1.3.3.3. 
Oxygen depletion is the single most important consideration in the 
maintenance of fish in high density culture. No other environmental 
factor can cause mass mortality as fast. This factor takes on added 
importance when other antagonistic agents like temperature, increased 
metabolic demands, and therapeutic regimes are included. For 
thermophilic fish species like Florida pompano, the use of warmer water 
that is less capable of holding oxygen than cooler water is typical. Under 
the conditions of high intensity stocking densities, the available oxygen 
may be lowered beyond acceptable levels by the simple act of feeding the 
fish. Other factors like treating ectopic parasites with formalin may strip 
the available oxygen out of the water, causing subsequent mass mortality. 
Findings by Moe et al. (1968) suggested that physiological stress for 
Florida pompano began at 3 ppm 00 (down from 5.5 ppm), while 2.5 ppm 
was the lethal minimum. With mortality occurring at this level, adequate 
DO must be available in high density culture at all times. Supplemental 
liquid oxygen from cylinders, or oxygen generators, may be required at 
commercially viable fish densities (Mi e et aI., 1968). 
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1.3.3.4. Ammonia 
The presence of highly toxic ammonia, and ammonia compounds 
produced by fish in a culture system present significant challenges to 
growth, mortality, and morbidity in high density aquaculture. The greater 
the culture density, the more likely these compounds will significantly 
impact water quality. Allen and Avault (1970) concluded that juvenile 
pompano produce considerable nitrogenous waste. High levels of 
nitrogenous waste were attributed to the high-protein feed, and the 
correspondingly high metabolism associated with Florida pompano. 
Ammonia values in aquaria ranged from 0-6.8 ppm, and values for 
nitrates (N03·) ranged from 0-37.5 ppm. Extremes in pH from 4-12 seemed 
to have little effect (Moe et ai., 1968). The effect of water discoloration and 
turbidity were inconclusive, with different researchers making diametric 
observations (Moe et ai., 1968~ Allen and Avault, 1970) 
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OIAPTER 2: PROBLEM STATEMENT 
The potential for Florida pompano aquaculture is great. In this section 
the most persistent obstacles to successful pompano aquaculture are identified 
and discussed. Data concerning those problems are presented from previous 
experiments, and anecdotal documentation is given by some of those 
involved in actual attempts to culture Florida pompano in captivity. 
Identification of the basic culture problems outlined herein supplied the 
impetus for the range of experiments conducted by this researcher. 
After many repeated attempts to grow Florida pompano in captivity, 
several reoccurring problems emerged as major obstacles to their culture 
(Watanabe, 1995). These problems included: unreliable production of 
juvenile fish, disease, poor food conversion rates, and 4tadequate commercial 
diets (Hoff, 1976; McMaster, 1988; lory, 1985). At the time there were a 
growing number of objections to the practice of beach seining thousands of 
wild juvenile fish each spring (personal communication, J. Bennett). 
Pathogenic diseases plagued most culture operations (Gomez, 1987). This was 
a fact seldom discussed openly by most commercial culturists because of the 
obvious business problems it presented. Research conducted on culturing 
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Florida pompano unintentionally documented the seriousness of the disease 
challenge by typically reporting the percent survival of the fish used in the 
experiments (Watanabe, 1995). The inadequacy of most diets fed to captive 
Florida pompano became apparent in the first culture attempts and were 
never satisfactorily resolved (Moe et a!., 1968). Florida pompano were grown 
in a wide variety of culture environments, including saltwater ponds, net 
cages, and tanks (Trimble, 1980; Smith, 1973; Gomez and Scelzo, 1982). 
Financial limitations and the availability of clean water often dictated the type 
of culture system employed. The financial need to grow as many fish as 
possible, in as little space as possible, affected food conversion ratios (FeR) 
and survival (McMaster, 1988). Appropriate "benchmark" stocking densities 
were never accurately determined due to the wide variety of culture systems 
that were being employed. The minimum spatial requirement (if any) 
needed by the different age classes of Florida pompano were not considered 
until culture efforts were nearly over. 
/ 
2.1. Overharvest of Juvenile Fish / ;1:. 
The ability to induce predictable, consistent spawning is commensurate 
with the commercial necessity of producing reliable supply of salable fish. 
Gourmet markets often prefer live or fresh fish over frozen fish. Single 
season harvests are far less desirable than a having a constant supply of fish 
year round. Induced out-of-season spawning would provide constant 
availability of Florida pompano and would enable the sale of fish throughout 
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the year. Late spring, summer, and early fall are traditionally times during 
which Florida pompano are completely unavailable for harvest and sale. 
Fiscal requirements of most aquaculture enterprises would favor temporal 
market expansion. 
Early attempts at Florida pompano aquaculture relied heavily on wild-
caught fry. Beach seines can easily gather thousands of juvenile fish during a 
single morning of collecting. The collecting efforts of several commercial 
operations could easily collect many tens of thousands of juvenile Florida 
pompano throughout the early summer months (Moe et aI., 1968). During 
the 1960's over 50 permits were issued to "initiate mariculture enterprises" 
for the collection of wild juvenile Florida pompano (Ryther et aI., 1989). The 
ensuing public concern over excessive harvest and resource depletion 
compelled state agencies to restrict and eventually curtail, the harvest of wild 
ju venile fish in Florida. 
commercial propagation. 
Captive reproduction became essential to 
/ 
Currently there are no commercial growout facilities that utilize wild 
caught juvenile Florida pompano. Yet there is no scientific evidence that a 
limited harvest would adversely affect future breeding populations. An 
unprecedented decline of sexually mature fish occurred between 1989 and 
1995. Only 12% to 20% of all sexually mature Florida pompano on Florida's 
east coast, and 1% to 2% of sexually mature fish on Florida's west coast, 
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remained from documented population highs (Murphy et aI., 1996). A 
probable positive correlation existed between the decline in Florida pompano 
numbers and an increase in commercial gill netting during this time. The 
large scale harvest of mature fish just prior to and during the spawning 
season (when they were geographically more concentrated) appeared to 
remove a disproportionately large pool of future recruits from the next 
generation. 
2.1.1. Controlled Spawning 
Some past commercial Florida pompano operations claimed that 
systematic, reliable spawning techniques had been developed to produce 
juvenile fish throughout the year. Citing proprietary constraints, few of those 
advances were shared with the Florida pompano mariculture industry as a 
whole. Only Hoff (1972, 1976, 1978a, 1978b) and Kloth (1980) provided 
experimental data to describe and substantiate their successes. 
Initial attempts at captive breeding utilized veterinarian grade human 
;,t 
chorionic gonadotropin (HCG) and pregnant mare serum (PMS) to induce 
spawning. Multiple injections were required to promote final maturation 
from late stage N or early stage V (580-71811 oocytes) to late stage VII (ripe, 
900-140011 oocytes). Within 30-40 hr. after the initial injection, spawning 
would occur. Hoff (1972) noted that the excessive handling of female Florida 
pompano prior to spawning may cause regression of ripening ova. He 
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suggested that the handling of these fish should be kept to a minimum if 
possible. The injection of more than one dose (bolus) of HCG was often 
needed to stimulate spawning. This bolus would produce an immediate 
(acute) dosage of hormone that spiked its concentration in the bloodstream 
soon after the injection. The hormone was then cleared from the 
bloodstream with a corresponding high rate of decomposition. Repeated 
injections (2), and the necessary handling of the fish to administer the 
injections, were required to keep adequate levels of the hormone in the 
bloodstream and to stimulate the gonads. All of this was required after 
several manual assessments of the female fish had been made. This extra 
handling was required to determine if the optimum stage of ova ripening had 
occurred. No mention has been made of any adverse immunoreactions of 
Florida pompano to HCG. Potency reductions and immunoreactions have 
been seen in other species of fish receiving repeated HCG injections. 
Experiments were also conducted to assess the effects of photoperiod and 
thermal conditioning on gonadal conditioning and initiation of the spawning 
." 
process (Hoff, 1972). While light and temperature certainly playa significant 
role in long term conditioning, they are insufficient by themselves to initiate 
spawning in captive Florida pompano. In later experiments Hoff (1978a) 
demonstrated that Florida pompano could be conditioned to spawn out of 
season with the aid of exogenous spawning hormones. Manipulation of the 
photoperiod and temperature conditions mimicking those leading up to the 
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natural spawning season were duplicated. Other researchers have also 
reported successful year round spawning with "adult pompano systematically 
exposed to varying environmental conditions"; in conjunction with the 
administration of spawning hormones. No details or empirical data were 
provided to describe the process used (McMaster, 1988). Species like the 
Nassau grouper (EpinephiIus striatus), bigeye scad (5e1ar 
crumenophthalmus), and belted sandfish (5erranus subligarius), have 
spawned voluntarily in artificial settings under natural light conditions 
(Tucker, 1994; Iwai et aI., 1996; Tucker and Woodward, 1995). 
It has been suggested that semi-natural spawning of Florida pompano may 
be more advantageous than either the wet or the dry strip spawning method. 
This method allows fish that have been artificially stimulated with hormones 
to freely express their gametes in natural spawning behaviors. The total 
percentage of eggs fertilized this way can be exceptionally high (50% to 
98%)(Kuo et aI., 1973). It is generally believed that fish allowed to spawn 
semi-naturally do not release their eggs until final ova maturation has 
~ 
occurred (Hoff, 1976). Unless peak egg maturation is duly recognized in 
candidate fish strip spawning may not produce maximum fertilization 
(Mylonas et al., 1995). Oocyte diameter, vitellinogenesis, and the number of 
mature ova present at the time of assessment are the general criteria for 
determining the degree of readiness the female pompano has for spawning. 
Determination of the right stage of ova maturation in each female fish 
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requires that it be captured, and then manually sampled by inserting a plastic 
catheter into the oviduct. For this reason, the repeated physical handling of 
fish that are preparing to spawn may impose too great a burden of stress for 
optimum spawning success. 
The actual spawning act of Florida pompano usually occurs at night 
(personal observation). Female pompano swim near the bottom of the tank 
accompanied by several male fish until the "spawning rush" occurs. At this 
time the female rises to the middle or near surface level in the tank. She may 
briefly pause and then shudder to expel her eggs. One or two male fish 
positioned slightly below wait to fertilize the eggs. As many as six spawning 
acts, 10-15 seconds in duration, may occur in an hour (Kloth, 1980). 
2.1.1.1. Synthetic Spawning Hormones 
There have been no documented recent efforts to duplicate previous 
successes in the induced spawning of captive Florida pompano. Newer 
synthetic spawning hormones have been developed since the l~t Florida 
pompano spawnings were conducted. It is likely that the use of gonadotropin 
agonists like gonadotropin-releasing hormone (GnRHa) would Significantly 
improve spawning reliability and productivity (Mylonas et aI., 1995). 
Synthetically derived hormones boast improved activity, specificity, and 
potency upon the targeted endocrine tissue. Unlike HCG or pituitary extracts 
that target the ovaries and testes for stimulation, synthetic hormones like 
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luteinizing hormone releasing-hormone (LHRH-a) act directly on a fish's 
pituitary gland. The pituitary gland manufactures its own highly specific 
gonadotropic hormones (GtH) which starts ovulation or spermiation. LHRH-
a has been successfully used to promote spawning in a number of marine fish 
(Kelly et al., 1994). 
2.1.1.2. Timed-Release Implants 
In addition to improved exogenous spawning hormones there is now the 
possibility of delivering these hormones into a fish's bloodstream less 
intrusively over a longer period of time. The oral delivery of GnRHa via 
feedstuffs has been used to induce spawning in spotted seatrout (Cynoscion 
nebu[osus), rainbow trout (Oncorhynchus mykiss), and carp (Cyprinus carpio) 
(Thomas and Boyd, 1989; Breton et ai., 1995). A number of sustained delivery 
systems have also been developed to administer a consistent dose of GnRHa 
over a longer period of time. These systems utilize some type of material or 
object which is often coated or infused with the GnRHa. It is then surgically 
implanted into the peritoneal cavity or epaxial musculature. These ;;naterials 
include: cholesterol, or cholesterol-cellulose implants, silas tic tubing 
implants, and various biodegradable implants made of synthetic materials 
(Kelly, 1997; Mylonas et al., ' 1995; Zohar et ai., 1995). The timed-release 
delivery of a specific amount of hormone into the bloodstream simulates a 
more natural onset of spawning. The one time implantation also causes less 
handling stress. A secondary advantage seldom noted with the use of time-
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released implants is a reduction in the need to constantly check gonadal 
ripening. This not only decreases the need for unnecessary handling of the 
fish, but it also dramatically expands the window of opportunity when 
attempting to pinpoint the optimum time for GnRHa administration. 
2.1.1.3. Dietary and Environmental ConditiOning 
The primary purpose of thermal and photoperiod conditioning is to 
prepare the fish physiologically and behaviorally for spawning (Hoff, 1996). 
This has been traditionally accomplished over long periods of time (weeks-
months). It allows the fish to make the necessary phYSiological changes to 
begin the spawning process (Hoff, 1978a). Light and temperature ranges are 
first manipulated to simulate a prespawning period (winter for Florida 
pompano). Temperature and photoperiod are then advanced to simulate the 
conditions during the spawning season (spring for Florida pompano) (Hoff et 
a!., 1978b). Live foods are often supplied during this conditioning phase for 
their higher nutritional value. The trace elements, complex lipids, and 
hormones that they contain are assumed to provide the best !lutritional 
,,' 
complement for the developing gonads. 
Environmental cues play a critical role in controlling the spawning 
process. Ultimate factors such as water quality (temperature, salinity, pH, 
etc.), food availability, predation, and geography determine when and where 
spawning occurs. Proximate cues such as the changes in temperature and 
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photoperiod, pheromones, and the presence or lack of spawning substrates, 
entrain spawning behaviors to local and temporal conditions (Patino and 
Pur kiss, 1993). These cues are detected by various sensory organs in the fish. 
The pineal gland, eyes, taste buds, and lateral line can receive external stimuli 
and pass it directly along to the central nervous system. Response can be 
made via the endocrine system to the various sexual organs. Temperature is 
one environmental clue that can act directly on a fish's physiology. Since 
most fish are pOikilothermic, temperature changes can effect either the 
nervous system or gonadal tissues equally well (Redding and Patino, 1993). 
Much of the nervous stimuli is received in the region of the brain known 
as the hypothalamus. Direct nervous innervation between the hypothalamus 
and the pituitary gland seems to be primarily responsible for the production 
of various gonadotrophic hormones (GtH) (Peter et aI., 1990). Two types of 
GtH are produced. GtH-1 is functionally homologous to follicle-stimulating 
hormone (FSH), and GtH-2 is functionally homologous to luteinizing 
hormone (LH). The latter is primarily responsible for follicular maturation, 
.'" 
and is the hormone most often synthetically replicated for pharmacological 
use in spawning induction (Swanson, 1991). 
Gonadal recrudescence, or reproductive organ maturation and growth, 
hinges on environmental conditioning and hormonal stimulation. 
Injections of GtH alone cannot initiate spawning in gonads that have not 
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ripened adequately to support final gonadal maturation. Photoperiod, 
thermal, and dietary conditioning are still needed to provide basal readiness 
for sustained sperm and egg production. Early gonadal growth and 
accelerated recrudescence may be possible in some marine species by use of 
steroids (Alok et aI., 1994; Zohar, 1995), or by pheromones (VanWeerd and 
Richter, 1991). Advances in the development of bioactive compounds to 
promote gonadal recrudescence will enhance reproductive management 
plans for many aquaculture species in the future. 
2.2. Dietary Inadequacies 
For a number of reasons, diet is considered one of the best ways to 
overcome past failures in pompano aquaculture. This is due to in part to the 
fact that pompano (and most marine fish in general) are fed diets unintended, 
and sometimes completely inadequate, for the species of fish being cultured. 
Early attempts at Florida pompano aquaculture experimented with a wide 
variety of foods. Ground fish, oatmeal, dry dog food, small frozen whole fish, 
squid, shrimp meal, and frozen codfish were all tried as foodstuffs (¥oe et aI., 
1968; Finucane, 1969a; Gomez, 1984). Even whole kernel com was given a 
trial run as a potential foodstuff (personal communication M. McMaster). 
Pelletized trout chow was eventually recognized as the food of choice for 
captive pompano, but there has always been the expectation that a pelletized 
diet specially designed for Florida pompano will further improve growth. It 
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is hoped that persistently high food conversion rates will respond positively 
to a diet tailored specifically for Florida pompano. 
2.2.1. Pelletized Diets 
Several experiments in the 1970's evaluated standard trout chow against 
other foodstuffs. Various percentages of trout chow were mixed with ground 
fish and soybean meal, and a trout chow/slow sinking catfish feed mixture. 
Each of these diets were fed to Florida pompano (Tatum, 1972, 1973). Trout 
chow proved to be the best diet at that time. Unfortunately other factors such 
as the growout environment (cages), stocking densities, and limited access to 
the food due to limitations in cage design could not be dismissed as effecting 
growth and food conversion. Wagstaff (1975) listed the primary factors that 
needed to be resolved in Florida pompano aquaculture as; feed composition, 
feeding systems, growth rate, and genetic improvement. 
2.2.2. Ground Fish and Natural Foods 
Despite some isolated successes using trash fish supplemented with 
vitamins as feed (Soletchnik et aI., 1988; Thouard et ai., 1990), most 
researchers have discontinued using whole and ground trash fish as a food 
source. There are several reasons for this discontinuation. Moe (1968) 
pointed out the unreliable availability of trash fish. If the fishing boats could 
not leave port because of bad weather, regular feeding could be interrupted. 
There was also be a wide variability in the types of rough fish that were 
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harvested. The mandated use of by-catch excluder devices on shrimp boats 
today virtually eliminates the availability of many types of juvenile fish 
previously used for this purpose. Concern over the introduction of 
pathogens by the use of ground fish is warranted. Many types of pathogens 
are harbored within trash fish, and can be easily transferred to the culture 
fish. There is also the realization that Florida pompano are seldom 
piscivorous. In culture pompano never prey on other fish. This includes 
juvenile fish as small as 2 on mixed with Florida pompano well over 12 cm 
in length. These factors suggest that fish, used as feed in any form, are not the 
preferred diet for Florida pompano, permit, or palometa. It has been 
suggested that future diets for Florida pompano be formulated with proteins 
acquired from both animal and vegetable sources (Jory et aI., 1985). 
2.2.3. Potential Diet Improyements 
Williams et al. (1985) found that lipid, in the form of menhaden oil, was 
necessary for efficient growth. It also prevented gill and opercular 
abnormalities from forming. Juvenile Florida pompano were ;ied four 
different experimental diets. Four lipid-extracted dry feed diets received 12, 8, 
4, or 0% menhaden fish oil aliquots before being extruded and pelletized. The 
juvenile fish receiving the 8% and 4% lipid enriched diets produced the best 
growth. The fish receiving no lipid had reduced growth and developed 
anatomical deformities. Those fish receiving the highest percentage of lipid 
(12%) actually demonstrated significantly less growth than the two 
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intermediate percentages. This was believed to be due to an inhibition of 
feeding caused by excessive lipid. The variety and percentages of low density 
lipids (LDL) and high density lipids (HOL) added to diets still requires 
exploration to assess the optimum levels for captive Florida pompano. 
Unlike other areas of potential improvement in pompano growth and 
survival, the development of a specific diet formulation has fewer economic 
drawbacks, capital costs, and potential hazards ·that other methods. Dietary 
components are easily added or deleted, and the results are easily measured by 
contemporary length/weight measurements. The new diet should produce 
fish that grow faster, grow more efficiently, and suffer no anatomical or 
physiological impairment. Experimental controls would compare the 
experimental fish against those that had received a less nutritious diet. No 
extra effort on the part of the grower would be needed. More importantly, the 
higher costs associated with the development of a new experimental diet drop 
when the food is later produced and purchased in mass quantities. 
2.3. Culture Environment 
In a comprehensive review of Florida pompano aquaculture in the 
western Atlantic, Watanabe (1995) compiled a summary of parameters based 
on the type of culture system used by each researcher. Pond, cage, and tank 
culture experiments were compared separately. The location, size and type of 
growout environment, salinity and temperature, initial weight, food type, 
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daily ration, culture period, final weight, survival, yield, weight gain, and 
food conversion rates were the parameters denoted for comparison (Table 1). 
Cage culture experiments have been the most numero\l6 -type of 
experiment conducted and published. The next most numerous type of 
published experiment was pond culture. There have been relatively few 
studies dedicated solely to Florida pompano aquaculture in tanks. 
2.3.1. Cage Culture 
The earliest cage culture experiments using Florida pompano began at the 
Alabama Department of Conservation and Natural Resources culture facility 
on Dauphin Island, Alabama in 1969 (Swingle, 1972). Disruption of 
preliminary experiments by Hurricane Camille limited complete data 
collection. The initial cage design was also found to be susceptible to 
persistent fouling which inhibited water exchange and encouraged hydrozoan 
growth (Swingle, 1970). Improvements in cage design (Swingle, 1971; Swingle 
and Tatum, 1971) and the discovery that striped mullet (Mugil ~ephalu5) 
could help control cage fouling (Swingle and Tatum, 1971) prompted further 
experimentation. During the spring of 1970 approximately 5,000 seined 
juvenile Florida pompano were stocked into 0.76-m' cylindrical cages at 
densities of 196, 392, and 590 fish per m J • High initial mortality was believed 
due to insufficient feeding. Subsequent food rations were increased from a 
5% body weight per day ration, to a 10% body weight per day ration. At that 
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Table 1: Summary culture data of Florida pompano and other jacks, 
from Watanabe (1996). Table #1·A summarizes data collected from 
experiments conducted in floating cages. Table #1-B summarizes data 
collected from experiments conducted in ponds. Table #1·C 
summarizes data collected from experiments conducted in tanks. 
Major differences in stocking densities and environmental conditions 
make direct comparison unreliable. However, extrapolation of general 
trends may be possible. 
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time overall survivorship for juvenile pompano under 20g was only 32.0% as 
compared to a later 63.5% survival rate for pompano over 20g. The food 
conversion ratio (FCR), mass (dry weight) of feed supplied/mass of fish 
accrued during the feeding period, for the experiment averaged 5.4, but was 
assumed to be high due to early mortalities and fish loss during cage handling 
and manipulation. Further elevation of the FCR was attributed to the non-
floating pelletized juvenile diet. Many of the food pellets dropped into the 
cages would sink through the cage before they could be eaten, but they were 
still counted toward the FCR. 
Concurrent experiments at the same facility using similar cage design were 
conducted to compare diets of trout chow against a ground fish/soybean 
mixture (Tatum, 1972), and later experiments assessed the effects of four 
different stocking densities on juvenile Florida pompano growth. Juvenile 
Florida pompano were stocked at densities of 263 fish/m', 394 fish/m', 526 
fish/m'and 657 fish/m3. Each group was fed Purina Trout Chow. The results 
suggested that good yields of fish could be produced (27.8-46.1 Kgt m'), with 
moderate food conversion rates (2.7-3.6), and low mortality (12.%-21%). The 
low mortality rates were attributed to a larger stocking size (12 g.) of the 
juvenile Florida pompano. Good survival rates were obtained despite 
persistent, high-volume infestations of the gill parasites Trichodina and 
Scyphidia, which required multiple formalin treatments (Tatum, 1973). 
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Two other cage culture studies were completed during the years 1972 
and 1973. Each study was conducted in either the influent or effluent canals 
of large electricity generating power stations. The first experiment evaluated 
the survival, food conversion, length-weight relationship, condition, and 
growth of nine different common coastal fish species in the intake canal and 
the discharge canal of a power generating station located on Galveston Bay, 
Texas (Marcello and Strawn, 1972). The Florida pompano was one of the fish 
species cultured, and then subjected to organoleptic evaluation at time of 
harvest. Rectangular floating wire cages approximately 1.0-m3 housed 25 fish 
each. All fish were fed Purina Trout Chow at a ration of 5% body weight per 
day. A culture period of 85 days and 107 days were used in the experiment. 
The fish in the intake canal showed good survival rates (85-100%), while fish 
maintained in the effluent canal experienced comp'rete mortality. Overall 
weight gain was good (1.3-1Sg/day), but the food conversion rates (FCR 3.33-
3.89) were poor. It was suggested that the high FCR reflected food loss due to 
strong currents and pilferage by smaller fish in and around the cages. There 
was a low incidence of disease throughout the experimental per~Rd. It was 
noted that the wire mesh cages containing pinfish (Lagodon rhomboides) 
were kept virtually free of fouling. The use of pinfish as a biological control 
agent against fouling in cages was proposed. 
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Florida Power and Light Company's Turkey Point Generating Plant near 
Miami was the site of another pompano cage culture study (Smith, 1973). 
Juvenile Florida pompano were stocked into rectangular 1.0-m3 wire mesh 
cages at densities of 100, 250, 400, 650, and 900 fish/mJ. (:ages were attached to 
each side of a floating dock located in a man-made lake that was supplied 
with effluent water from the power station. Each cage was rotated to ensure 
uniform experimental conditions. The fish were fed a pelletized diet with 
either squid or ground fish supplement, once per day. Combined diet food 
rations averaged a total 5.5%-9.2% body weight per day. Food loss to pellet 
sinking and drift was again cited as likely contributor to a high FCR (4.45 
combined). Slower food application reduced some pellet loss. High survival 
rates (79.7%-84%) were attributed to little or no incidence of disease. Smith 
suggested that substantial depth separation of the caged fish from bottom 
substrates may have inhibited pathogen lifecyde completion. This factor, 
coupled with periodic routine cage cleanings, may indeed have reduced, if not 
broken, the cycle of transmission for pathogenic ciliated protozoans. The 
presence of trematodes was also evident, but no problems were experienced. 
In 1980-1981 polyculture experiments were conducted at the Universidad de 
Oriente, Venezuela, to determine the suitability of three Trachinotus spp. in 
floating cages (Gomez and Cervigon, 1986). The three species cultured were 
the permit (Trachinotus falcatus), the Florida pompano (Trachinotus 
carolinus), and the palometa (Trachinotus goodei). The fish were contained 
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in 100 m3 floating cages at the entrance to La Restinga Lagoon, Venezuela, and 
were stocked at densities of 25-40 fish/m3• All surviving fish displayed 
adequate growth (>200g) during the twelve month growout period. The 
permit enjoyed the most weight gain (259-370g), while the palometa exhibited 
the fastest growth during the culture period. Growth of the Florida pompano 
was negatively impacted by "the disease Vibrio which caused high mortality 
and decreased growth rate." 
Several researchers in Martinique conducted similar studies with wild-
caught juvenile palometa placed into 15-m3 cylindrical cages that were floated 
horizontally for easier cleaning and antifouling maintenance (Soletchnik et 
aI., 1987,1988; Thouard et aI. 1990). The reported FCR was less than 2.0 on a 
diet of mixed trash fish. Survival was deemed excellent (91%), with minimal 
disease problems incurred during the 218 day study (Soletchnik et aI., 1988). 
Research by Thouard et. al (1990) supported the use of either pellets or trash 
fish to grow commercial-sized (300+g) palometa in cages. Overall mortalities 
remained low (10%-17%) when either diet was utilized. Disease :problems 
were not viewed as a critical problem for cage systems that had been managed 
at low fish densities. 
2.3.2. Pond Culture 
The earliest attempts at Florida pompano aquaculture were made in ponds 
using juvenile Florida pompano that were easily obtained by beach seining. 
46 
Their ability to command top-dollar in the commercial marketplace spurred 
initial experiments to determine their culturability in ponds. Between 1957 
and 1962 several pond culture experiments were conducted in saltwater water 
impoundments near St. Augustine, Florida (Berry and Iversen, 1967). The 
concept and design of these impoundments was later patented by Marvin D. 
Groves (Groves, 1970). His plan for tidal flux circulation in ponds became the 
model for several pond culture ventures to grow Florida pompano and other 
marine estuarine fish species in northern Florida. Research by Fielding and 
Johnson (Fielding, 1968) indicated that the profitable culture of pompano in 
ponds may be possible. However, these pond culture experiments were 
plagued by high mortality due to dam failures and low winter temperatures. 
Additional unspecified die-offs and undetermined fish loss contributed to 
overall low survival rates. In 1961, a total of 700 mature Florida pompano 
(SOOg) were harvested 15 months after 1,500 juvenile fish were stocked into 
the pond. The continuation of undetermined fish losses curtailed further 
experiments. 
Minorcan Seafood Company of St. Augustine, Florida conducted a number 
of pond culture experiments beginning in the fall of 1965 and continuing 
until final harvest in 1967. The experiments were designed to determine if 
flOrida pompano could be raised to a viable market size in an extensive 
fashion in tidal ponds (Moe et aI., 1968). Four ponds were constructed close to 
the Matanzas Inlet, and they utilized tidal fluxes channeled through 
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corrugated, screened culverts. "Pond circulation was totally dependent on 
tidal exchange" through one-half inch wire mesh (Moe et ai, 1968). The three 
largest ponds were dredged from a sandy marsh. The sides and bottoms of the 
ponds were composed of primarily sand and some mud. Only the largest 
pond (pond C) received adequate circulation due to the large diameter culvert 
(6 feet) that directly fed the pond. The three other ponds experienced 
relatively slow water turnover. Water turbidity was usually high in all 
ponds, and it prevented adequate visual assessment of fish numbers. 
Mortality and fish loss could not be determined until the ponds were drawn-
down for harvest. The fish were primarily fed 300 pounds of ground trash 
fish daily, but on at least one occasion the fish were fed a commercially 
prepared fish meal diet that resulted in mass mortality. Scheduled feedings 
were sometimes irregular due to an inability to obtain trash fish because of 
inclement weather or insufficient funds. Of the estimated 30,000-100,000 
Florida pompano stocked into the main pond, only 386 legal sized pompano 
were harvested for market. Obvious fish loss was attributed to five likely 
causes: escape, starvation, predation, poaching, and erroneous stocking 
estimations. A positive finding was that the surviving fish weighed 
significantly more than did fish of similar age collected from a natural 
environment. 
At approximately the same time, John H. Finucane was conducting a series 
culture experiments on Florida pompano (Finucane, 1970). Finucane 
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stretched a wire fence across a 2.4 ha (6 acre) narrow finger of water in Fort 
Desoto State Park, Tampa Bay, Florida. The expansive end of the fenced area 
allowed adequate water exchange as tidal fluxes occurred. Juvenile pompano 
stocked at a density of 2,470 fish/ha (1,000 fish/acre) demonstrated good 
growth (-28.3g/month). Finucane hypothesized that under similar conditions 
captive Florida pompano could be grown to a 454g (1 lb.) size in under one 
year. Disease induced mortality was not a problem although maximum 
stocking densities were not maintained over_aJong period of time. 
The cage culture of Florida pompano, the polyculture of Florida pompano 
with shrimp, and the sequential production of Florida pompano and then 
rainbow trout (Oncorhynchus mykiss) in brackish water ponds was tested in a 
prototype farm at the Claude Peteet Mariculture Center (CPMC), Gulf Shore, 
Alabama (Cuevas, 1978). A complete cost-analysis of the operation was 
conducted to ascertain if Florida pompano aquaculture could be viable when 
conducted with complimentary high-value culture species. A subsequent 
marketing survey determined that smaller-than-normal, market-sized 
:. 
pompano would still have good market value if they were sold at a smaller 
size. The earlier harvest would shorten the growout time and free the ponds 
for an alternate crop of fish. It was determined that the main problem in 
achieving economic viability was mortality. With only a 35% survival rate, 
too few pompano survived to make the operation profitable. The break-even 
point was calculated to be a 64% survival rate, with a 2:1-3:1 maximum food 
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conversion ratio. If this survival had been achieved, the operation would 
have been profitable. The alternative crop of rainbow trout had survival 
,rates that were too low, and their food conversion rates were too high to be 
considered economically feasible in brackish water pond culture in southern 
Alabama. Only white shrimp in monoculture delivered a small gross profit 
by experiment's end. 
The natural progression of the pond culture studies led to the evaluation 
of Florida pompano with other fish and crustaceans in polyculture 
experiments. Because pompano are primarily mid-depth and surface feeders 
in culture, the addition of a benthic crustacean or a benthic fish into the pond 
would allow two separate species to be cultured simultaneously. Tatum and 
Trimble (1978) tested this hypothesis by stocking post larval brown shrimp 
(Penaeus aztecus), white shrimp (Penaeus setiferus), and pink shrimp 
(Penaeus duorarum), at a total density of 31,250/ha, with juvenile Florida 
pompano (10,412/ha), into 0.08 ha ponds at the CPMC. The brackish water 
ponds were filled with water pumped from the adjacent Gulf Intercoastal 
;.'!; 
Waterway. The water was filtered through nylon webbing to remove large 
particulate matter. Survival rates for pompano were 30% during the study 
period, and bird predation was cited as a major cause of mortality. Two types 
of pathogenic bacteria and four types of parasitic protozoans were identified in 
the Florida pompano, but their presence did not appear to cause significant 
mortality. The shrimp in monoculture had a 53% survival rate. Polycultures 
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of shrimp and pompano were compared against monocultures of each species 
individually. The polyculture treatments consistently out-performed either 
monoculture for overall biomass production and food conversion efficiency 
(Tatum andTrimble, 1978). 
Further studies involving the polyculture of Florida pompano with 
shrimp were also conducted at the CPMC during 1978 and 1979 (Trimble, 
1980). Comparative trials with Pacific white shrimp (Penaeus vannamei), 
blue shrimp (Penaeus stylirostris), and Florida pompano were done in both 
polyculture and monoculture environments. Stockings of 5.1 g pompano 
produced a 67% survival rate in the monoculture ponds, and they produced a 
74% survival rate in the polyculture ponds. The FCR for the Florida 
pompano in polyculture was lower (3.0) than for Florida pompano in 
monoculture (3.9), but the average size of the of the monocultured fish was 
greater (106 g) than that of the polycultured fish (75 g). Overall harvest size of 
these fish were much lower than the generally accepted minimum 
commercial size of (400 g). The additional time needed for gro~out to a 
.. ' 
commercially marketable size would undoubtedly see changes in the rates of 
mortality and feed conversion. During the experiment some of the 
production ponds experienced a "heavy incidence of ciliated protozoans". 
Eventually all monoculture and polyculture ponds were treated with 
formalin at 15 mg/L for an indefinite period. The final economic analysis 
found that pompano and shrimp polyculture would produce the greatest 
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profit, followed by the slightly profitable monocultures of shrimp, and that 
Florida pompano monocultures that were generally unprofitable. 
Recommendations to improve survival and conditioning of the pompano 
included: periodic grading, optimizing environmental conditions, controlling 
predatory birds, and the control of pathogenic protozoans. 
In separate polyculture studies at Texas A&M University, Rossberg and 
Strawn (1980a) determined that the culture of brown-shrimp (P. aztec us) with 
Florida pompano was not as efficient as brown shrimp culture with either 
black drum (Pogonias cromis) or striped mullet (Mugil cepha/us). 
Subsequent experiments were conducted in 0.1 ha brackish water ponds 
located at Cedar Bayou Generating Station near Baytown, Texas. These 
experiments suggested that monocuitures of Florida pompano and striped 
mullet were still unfeasible, but there was a clear improvement in the feeding 
and food conversion for black drum. This significant improvement in black 
drum feeding and biomass increase was attributed to a "training effect". The 
effect was instituted by the voracious feeding of the Florida pompano. It 
motivated the less aggressive black drum to feed more actively and longer, 
thus improving their overall food conversion and growth. (Rossberg and 
Strawn, 1980b) 
2.3.3. Tank Culture 
To date there have been a limited number of tank aquaculture experiments 
utilizing Florida pompano. Some of the initial research by Fielding and 
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Johnson (Fielding, 1968) was conducted in a 0.02 ha (1/20 acre) tank located at 
Marineland, Florida. Experiments there were conducted during the years 
1952-1955 (Table 2) (Cuevas, 1978). Of the 2,865 fish stocked, 87% survived 133 
days in culture. The mean weight at stocking was 2.25 g. and a mean weight 
of 143.0 g was measured at harvest. Ground fish was used as the sole feed, 
and it produced as.1 food conversion rate. 
University of Miami researchers used two large tanks at the Miami 
Seaquarium to grow juvenile Florida pompano captured by seining off St. 
Augustine Beach (Iversen and Berry, 1969). 
The juvenile fish were transported and then stocked into a 44,000 L (11,000 
gal.) flow-through sea water tank for culture. The average weight of the fish 
when initially stocked was 20 g. Over a 4.5 month period (137 days) the 
average weight of the pompano increased by almost 200 g. Comparison was 
made of three growth curves available at that time: (1) the Miami tank 
culture experiment, (2) St. Augustine pond raised pompano (Moe et al., 1968), 
" 
and (3) St. Augustine wild caught pompano. Better growth and conditioning 
was measured in tank cultured Florida pompano. Mortality rates varied for 
each experiment, but never exceeded 40%. It was suggested that even minor 
changes in the food and artificial environment, and emergency preparations 
to handle mechanical failures, epizootics, and hurricanes, would reduce 
future mortalities. 
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Mean 
Test Stocking Size at Days in Feed Harvest 
No. Rate Stocking Culture Survival Conversion Weight Production Gain 
(fish/ha) (g) (%) (g) (Kg/ha) (g/day) 
til 2,U4 lS.10 107 51 86.2 93.4 0.64 
2)1 2,S65 2.25 133 87 5.1 143.0 356.2 1.05 
:w 4,490 3.24 65 78 6.5 116.0 438.0 1.73 
4JI 1,324 9.40 108 76 6.2 267.9 269.8 2.39 
S1I 4,940 0.45 84 84 6.8 99.8 413.6 1.18 
11 Adapted from: Fielding and Johnson (n.d.) 
?j Experiments conducted in a .02-ha (1/20 acre) tank. 
'J.I Experiments conducted in a .05-ha (1/8 acre) pond. 
!I Ground trash fish was used as feed. 
Table 2: Summary of initial experiments conducted by Johnson and Fielding 
to detennine the SUitability of Florida pompano for aquaculture 
(Cuevas, 1978). These early experiments were instrumental in 
promoting further attempts at Florida pompano aquaculture. 
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Several private companies did manage to culture pompano in tal).ks 
although the results of these attempts were unpublished and largely 
unverifiable. Hull (1968) described some Florida mariculture projects in an 
article for Ocean Science News MagaZine. It noted that Dr. Sam Monroe of 
the Florida Seafood Growers attempted to develop a pilot project to 
polyculture shrimp and Florida pompano in round plastic pools. A severe 
cold-snap and torrential rains caused a total crop failure before harvest could 
be achieved. 
Krantz (1973) reported favorably on the culture of Florida pompano 
spawned in captivity and reared in tanks. He experienced high survivorship 
(>90%) and a low incidence of disease in fish maintained in rapid water 
exchange and turbulent flow-through tanks. A unique feature of these tanks 
was their greater height than diameter. This made them similar to the silo 
culture systems sometimes used in freshwater trout culture. A flow-through 
sea water"system was used to keep water quality within optimum parameters . 
. " 
A majority of the spawning experiments conducted by Hoff (1976) were 
done in two semi-closed, recirculating sea water systems. The larger system 
incorporated two 5,850 L circular tanks, two 2,080 L circular tanks, and three 
larval rearing tanks. The smaller (conditioning) system consisted of two 2,080 
L circular tanks. Each system also incorporated large biological filters that 
were interconnected to ensure uniform water quality. Despite low stocking 
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densities owed to the nature of the experiments, some disease problems were 
encountered. In most instances the epizootics were successfully treated. 
Behavioral observations were made on Florida pompano stocked into tanks 
equipped with artificial habitat (cement blocks, plastic pipes, artificial grass), as 
compared with tanks where the habitat had been removed. It was 
determined that the addition of natural habitat actually had a negative impact 
on food consumption. When the structure was removed food consumption 
increased. One advantage of the tank culture system was the ability to rapidly 
alter (or remediate) environmental conditions within the tanks. 
Tank culture of palometa was conducted at the Centro de Investigaciones 
Cientificas de la Universidad de Oriente, Boca de Rio, Venezuela (Gomez, 
1977). Palometa fry seined from the beaches of Margarita Island were graded 
into three size groups (large, medium and small), and then distributed into 
individual 28,000 L circular concrete tanks. Water quality was maintained by 
the continuous operation of a flow-through sea water system. All size groups 
were fed species of Engraulidae throughout the 400 day culture ptJfiod. A 
general decrease of growth efficiency was measured for each group containing 
successively larger individuals. This general trend has been noted in fish as 
they approach sexual maturity and adult sizes. It was concluded that initial 
stocking sizes should not exceed 90 mm S.L. (standard length), or 20 g in 
weight. Additionally, it was recommended that the culture period not be 
extended past 300 days. Presumably this recommendation was due to a loss of 
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growth efficiency and not apprehension over extended exposure to possible 
disease challenges. A high (50%) mortality of all fish in culture was produced 
by parasitic protozoans. 
Subsequent experiments focused on the polyculture of Florida pompano 
and penaeid shrimp (Gomez and Scelzo, 1982). Shrimp and juvenile 
pompano were fed a sole diet of "guacuco pellets". Extremely high 
mortalities for both the pompano (82.9%), and the shrimp (97.3%) over the 
short 75 day culture period raised concerns about the true value of the 
calculated FeR (7.57). Further experiments at the same location, using the 
same experimental design, produced somewhat better results. A prepared 
pelletized diet formulated with both guacuco and sardines as the protein 
source, grew pompano to 62.1 gin 75 days. Their survival rate was 64%, and 
the FeR for the pompano over that time period was a very good 3.1 (Gomez 
and Scelzo, 1982). 
The private company O.M.!., Inc. successfully raised tank-cultured Florida 
;:t. 
pompano in the Dominican Republic during 1973 and 1974 (McMaster, 1988). 
Juvenile pompano were grown in 24 concrete tanks capable of holding 10,000 
L (2,500 gal.) of sea water. Fish in excess of 10 grams were placed into one of 
three identical growout tanks for final growout. These three tanks were 
twenty feet in diameter and two feet deep. Each tank was vertically connected 
so that the effluent water from the top tank flowed into the second tank, and 
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the effluent from the second tank flowed directly into the bottom tank. 
Water quality in each successive tank showed a cumulative degradation as it 
was transferred from one tank to the next (personal communication, 
McMaster). Other determinants, such as direct overhead sunlight, over 
crowding of the fish, and the shallow depth of the tanks, were cited as 
probable stress factors. The result of these stress factors was a dramatic 
increase in the FeR from 3.5:1 to 6:1. There was no mention of disease 
problems. 
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CHAPTER 3: EXPERIMENT #1- INDUCED SPAWNING 
3.1. Introduction 
One of the most important elements of marine fish propagation is 
spawning. The ability to spawn fish in an artificial environment is more 
desirable than having to meet the constant need of collecting juveniie or sub-
adult fish from the wild. Unless large numbers of wild juvenile fish can be 
easily and inexpensively captured near the culture facility, captive 
reproduction is a better choice. This option is more advantageous when the 
culturist can promote out-of-season spawnings, or can bring a group of fish in 
different stages of spawning readiness into a synchroAous spawning 
condition. The standardization of techniques, and the improvement in the 
quality and potency of natural and synthetic spawning hormones have 
increased egg production in many fish species (Zohar, 1989). Increased rates of 
fertilization, improved hatching, and better larval survival often result when 
spawning can be induced during optimum times (Mylonas et aI., 1993). Better 
growth and physical characteristics can be selected for over subsequent 
generations to improve brood stock quality. 
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3.1 .1. Synthetic Spawning Hormones and Delivery Systems 
Recent developments in the isolation and application of synthetic 
spawning hormones have improved the reliability and effectiveness of 
artificial spawning induction. Sustained release pellets made of an ethylene-
vinyl acetate copolymer (EVAC) matrix regulate the release (diffusion) of 
large, biologically-active compounds (Brown et aI., 1986). The incorporation 
of specific gonadotropin-releasing hormones (GnRH) into this matrix has 
been used to initiate spawning induction in gilthead seabream (Sparus 
aurata), Atlantic salmon (Salmo salar), and Coho salmon (Oncorhynchus 
1cisutch) (Zohar et aI., 1990b). 
Single injections of GnRH have been found to rapidly degrade in-vivo. A 
single bolus is generally cleared from the bloodstream in 2-3 days; inactivated 
by various enzymes in the liver, kidney, and pituitary gland (Zohar et aI., 
1990a). The one-time surge of hormone, as administered by injection, is often 
inadequate to stimulate and maintain continuous spawning. A constant 
regulated flow of GnRH analogues into the bloodstream by pelletized 
synthetic implants have produced more reliable, and more vigorous 
spawning in southern flounder (Para/ichthys lethostigma) and American 
shad (A/osa sapidissima) (Berlinsky et aI., 1996; Mylonas et aI., 1995). 
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3.1.2. Timed-Release Hormone Delivery 
There are several advantages in using a timed-release hormone delivery 
system. Fish that are sensitive to handling require anesthetization and 
injection only once. This reduces the risk of accidents such as dropping the 
fish or injuring the fish during repeated captures. In addition to this, the 
stress of multiple captures is minimized. Another practical advantage is the 
ability to bring all prespawning males and females into a ripe spawning 
condition simultaneously. Spawnings that. normally occur asynchronously 
can be synchronized in this way. This allows tha culturist to maximize the 
amount of larval fish diet available during the time of greatest need. Larval 
survival can be increased at a much lower cost. This technology will also 
permit the hybridization of related species of fish that do not normally 
hybridize. The development of a white bass (Morone chrysops) and striped 
bass (Morone saxatilis) hybrid (sunshine bass) was highly dependent on the 
use of artificial spawning hormones. Successful "semi-natural" spawning, 
natural spawning after artificial induction, has now been demonstrated in 
these two species by use of synthetic implants (Mylonas et aI., 1995). I 
;,1 
hypothesized implants of this type would produce a similar response in 
captive Florida pompano. 
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3.1.3. H}!pothesis Experiment #1 
Hypothesis: Captive Florida pompano can be induced to spawn semi-
naturally over an extended period of time by the use ofa surgically implanted 
timed-release pellet containing LHRH-a. 
3.2. Materials and Methods 
3.2.1. Specimen Collection 
Eifty (SO) sexually mature. Boridapompano were captured from the 
·beaches and bridges of'Martin-ancFBrowardcotmtieS' ;during-thec~onthS"7of 
February and March, 1996. The fish were collected by use of hook and line. 
Fish that were injured during the collection process were sacrificed and 
necropsied to determine their prespawning condition. Fish that were 
uninjured during the collection process, and those with only minor 
abrasions, were reserved for spawning. These fish were immediately 
transported back to Nova Southeastern University's Oceanographic Center in 
a 180 L, aerated, circular seawater tank where they were placed into one of 
Oceanographic Center's eight 1,776 L fiberglass tanks for conditioning.;. 
3.2.2. Culture System 
A two-horsepower' pump Gacuzzi) continuously pumped saltwater from 
the Port Everglades inlet into a 1,200 L settling tank. Water leaving the pump 
was prefiltered before entering the settling tank. An 800 micron nylon filter 
bag performed gross filtration of the influent water. Water from the settling 
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tank was then pumped by a one-horsepower pump (Jacuzzi) to four sand-
gravel filters (Jacuzzi model ST27). Effluent from the pump was divided into 
two parallel streams, each flowing to two sand-gravel filters in-series. The 
first filter in each series was filled with "pea gravel". The pea gravel acted as a 
course sediment filter. The second filter in each series contained lightweight 
anhydrous silicon dioxide media (Aquatic Eco-systems, Inc.). The silicon 
dioxide media removed . the fine particulates that passed through the first 
filter. Particulate filtration was accomplished to 20-40 11m. Final water 
'polishing-wasaclrieved by use of .a 350 cartridge filter (Aquanetics Systems, 
Inc.) placed in-line after each sand filter. The mechanical polyester cartridge 
removed fine particles as small as 16 microns from the water stream. 
Additional prophylactic treatment of the water was provided by UV 
sterilization. Potential pathogenic microorganisms were exposed to 
ultraviolet light for approximately 15-20 seconds (Aquanetics Systems, Inc. 
Commercial UV Sterilizer Model 240IL). Equal water distribution to each 
tank was achieved by use of an overhead gravity feed system indixidually 
controlled at each tank. Manipulation of a single ball valve allowed 
consistent flow rates to be individually maintained. A flow rate of 20-40 liters 
per minute was typically experienced in each tank throughout the duration of 
all experiments. 
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3.2.3. Conditioning for Spawning 
Captive fish were fed live mole crabs (Emeritus talpoida) or live pink 
shrimp (Penaeus dorarum). Mole crabs are a natural prey organism of Florida 
pompano, and typically comprise a bulk of their diet. They were raked from 
the surf each day, and were the predominant foodstuff supplied throughout 
the conditioning period (Figure 3). All fish were fed to satiation twice daily. 
Minor injuries such as abrasions or mouth tears quickly healed in the captive 
.:environment.Within:two to three~day.lhtheccaptiveJisn,could . be conditioned 
to hand feeding. riSh being-conditioned ··fon;pawning-were-ied .ordy a live 
natural diet. 
Random ovarian biopsies that did not harm the fiSh were conducted 
throughout the conditioning period prior to the start of the experiment. A 3-
mm (diameter) polyethylene tube attached to the end of a 10 cc syringe was 
inserted into the . ovary via the oviduct. Minimal suction was required to 
extract a small sample of it. . Criteria established by Hoff (1972) permitted 
classification of the in ~ oocyte stages during development_~ The 
appearance of well defined zona radiata indicated that stage IV or stage V 
oocyte development had been achieved. This, in conjunction with an 
obviously gravid appearance (diStended abdomen over the gonads) in a 
majority of the female fish, indicated the optimum time for artificial 
spawning induction. Gonadal maturation coincided with the full moon in 
the first week of April. 
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Figure 3: Mature Florida pompano were fed live mole crabs (Emerita 
talpoida! twice daily in preparation for spawning (top picture). Each 
fish was fed to satiation, which was usually 20-30 mole crabs per fish. 
The mole crabs were raked from the surf line with a specially 
constructed rake (lower picture) and kept alive in flowing seawater 
until feeding. 
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3.2.4. Experiment Design 
On March 31, 1996 a total of thirty Florida pompano (15 experimental and 
15 control) were selected for implantation and spawning induction. Each of 
the male (N=IS) and female (N=12) fish were anesthetized in a 20 L tank 
containing SO mg/L M5-222 just prior to implantation. Test fish were selected 
randomly from a conditioning tank where the fish had been previously 
pooled. After anesthetization the fish were weighed (g), measured (FL), and 
tagged with a numbered plastic fingerling tag (Floy Tag FTF-69). The small 
tags were sewed through the anterior portion of the dorsal fin. The sex of 
each of the fish waS confirmed during implantation by the manual expression 
a small amount of eggs or milt. 
The fifteen (15) experimental fish received one or two implants containing 
luteinizing hormone-releasing hormone analog (UiRH-a) (AquaPharm 
Technologies Corp.) The hormone was delivered via 3 mm ethylene-vinyl 
acetate copolymer (EV AC) implants containing 25 Ilg LHRH-a. Fish < 750 g 
received one implant, and fish ~ 750 g received two implants. Thl!. target 
dosage per fish was 50 Ilg/Kg LHRH-a. Fifteen (15) control fish received 
placebo implants without the spawning hormone. Implants were injected 
into the dorsal epaxial musculature midway between the lateral line and the 
dorsal fin (Figure 4). The complete procedure time for weighing, measuring, 
tagging, and implanting the fish was less than three minutes. During this 
time a continuous stream of flowing oxygenated seawater water was passed 
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Figure 4: Implantation of timed-release hormone delivery system into the 
dorsal epaxial musculature midway between the lateral line and the 
dorsal fin. The implant consisted of a 3 mm ethylene-vinyl acetate 
copolymer (EVAC) containing 25 J.l.g of luteinizing hormone-releasing 
hormone analog (LHRH-a), or was a placebo implant containing no 
LHRH-a. To obtain a mean dosage of 50 J.l.g/Kg either one or two 
implants were administered based on the mass (g) of each fish. Total 
time to implant each fish was less than three minutes. 
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over the fish's gills. After implantation the fish were "walked", manually 
steered around the tank, to facilitate recovery. No mortality occurred during 
implantation, after implantation, or during the course of the experiment. 
Once the implantation process was completed, the fish were distributed 
into six identical 1,776 L tanks. Three tanks contained fish with the 
experimental treatment, and three tanks contained fish with a placebo 
treatment only. Each tank contained two female fish and three male fish 
(Figure 5). All tanks were covered with shadecloth netting to minimize 
external stimuli. Flow rates for each tank were reduced to 10-20 L per minute 
to avoid potential damage to any eggs trapped in the collectors. Spawned eggs 
were collected daily in specially designed baskets, constructed of 300 Ilm nylon 
filter bags (Aquatic ECD-systems, Inc.), and suspended in a 4 inch diameter 
piece of clear PVC pipe connected to a sink trap. The egg collectors allowed 
the floating and non-floating eggs to be collected and suspended in a 
continuous stream of flowing water without damaging the eggs. Water 
temperature in the tanks was 26±1·C as measured by a digital thermometer . 
• ":'1, 
The egg collectors were monitored for 12 days. Eggs that were collected in 
the egg traps were removed and counted under a stereoscope to determine 
the percentage that had been fertilized. Fertilized eggs were then transferred 
to a hatching vessel at 28°C. The resulting larval fish were measured and 
observed until starvation. 
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Experimental Tank #9 
9 Tag #040 (876 g) 
9 Tag #034 (680 g) 
(j Tag #049 (896 g) 
(j Tag #035 (604 g) 
(j Tag #050 (397 g) 
LHRH-a Implant@ 50 l1g/Kg 
Experimental Tank #5 
9 Tag #046 (808 g) 
9 Tag #032 (709 g) 
(j Tag #043 (1120 g) 
(j Tag #031 (581 g) 
(j Tag #052 (391 g) 
LHRH-a Implant@ 50 I1g1Kg 
Experimental Tank #2 
9 Tag #048 (865 g) 
9 Tag #063 (422 g) 
(j Tag #039 (693 g) 
(j Tag #029 (629 g) 
(j Tag #056 (431 g) 
LHRH-a Implant @ 50 l1g/Kg 
Control Tank #8 
9 Tag #045 (700 g) 
9 Tag #065 (593 g) 
(j Tag #022 (723 g) 
(j Tag #025 (621 g) 
(j Tag #051 (320 g) 
Placebo Implant 
Control Tank #4 
9 Tag #041 (760 g) 
9 Tag #027 (601 g) 
(j Tag #036 (401 g) 
(j Tag #061 (654 g) 
(j Tag #057 (598 g) 
Placebo Implant 
Control Tank #1 
9 Tag #038 (578 g) 
9 Tag #026 (581 g) 
(j Tag #033 (627 g) 
(j Tag #030 (523 g) 
(j Tag #053 (415g) 
Placebo Implant 
Figure 5: The spatial distribution of implanted fish (experimental and 
placebo) indicates the number of male fish per tank (3), the number of 
female fish per tank (2), and the weight of each fish. Spawning 
occurred only in the fish receiving artificial hormonal stimulation. 
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3.3. Data Analysis 
Statistical analysis of the data was done using Statistica (StatSoft, Tulsa, 
OK). Egg collection data and fertilized vs. unfertilized egg counts were 
analyzed by one-way analysis of variance (ANOV A). 
3.4. Results and Discussion 
3.4.1. Spawning Activity and Fecundity 
Within 24 hr (1 d) after implantation, spawning began in experimental 
tank #9. By the second day (2 d), two of the experimental tanks (#9 and #5) 
were producing viable eggs. A total of 203,000 eggs were spawned in the 
experimental tanks through day 9, although monitoring of the egg collectors 
was continued through day 12 (Figure 6). Control fish that had received the 
placebo implant produced no eggs during the course of the experiment. 
Comparison of the experimental tanks that spawned demonstrated a 
significantly higher rate of spawning over the placebo implanted control 
group (P = 0.0086). Spawning activity in the experimental tanks peaked on 
day 2 and 3 when a combined total of 167,000 eggs were produced. This 
,,,. 
represented 82% of the total eggs that would be produced during the 
experimental period. There was also a pronounced peak in egg fertilization 
on days 2 and 3. Of the 89,000 fertilized eggs gathered during the experiment, 
79,700 (89%) were harvested on days 2 and 3. The eggs collected on these two 
days exhibited a slightly better fertilization rate (48%), than did the total 
number of eggs collected over the course of the experiment (44'Yo). A smaller, 
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Figure 6: Daily number of eggs spawn~d by Florida pompano receiving 
LHRH-a timed-release implants, and those receiving placebo implants 
(top chart). The lower chart shows how many of the spawned eggs 
were fertilized each day, and how many went unfertilized_ Because 
there was no spawning in the tanks receiving placebo implants, the 
lower chart represents the experimental tanks alone. 
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secondary spawning peak occurred on days 6, 7, and 8, when a total of 16,600 
eggs were removed from the egg collectors. These eggs accounted for 8% of 
the total eggs harvested during the experiment, but they represented only 4% 
of the total fertilized eggs harvested, and 11% of all unfertilized eggs collected. 
With such a low rate of fertilization (23%), the secondary spawn contributed 
very few eggs to the total number of eggs that were hatched and monitored. 
Fecundity and the percent fertilization declined after the initial spawn until 
the cessation of spawning after day 9. There was a small cycle noted in the 
spawning activity (Figure 7). There were three days of intense spawning, 
followed by two days of inactivity, and then a much smaller second spawn 
over the next three-day period. This observation is in agreement with similar 
observations made by Mylonas et al. (1995) in the induced spawning of 
American shad. The total fecundity of the two female Florida pompano in 
tank #9 (based on the total number of eggs spawned) was 59,100 eggs/Kg body 
weight. The total fecundity of the two female Florida pompano in tank #5 
was determined to be 73,200 eggs/Kg body weight. These findings agree with 
the Florida pompano fecundity estimates advanced by Hood et. al (199~~, and 
are within the general parameters for egg clutch size that would be expected 
for the size fish that were used in this experiment. The third experimental 
tank (#2) exhibited no spawning. Post experimental necropsy revealed that 
the largest female pompano in that tank, tag #048, had probably already 
spawned out prior to implantation. The small amount of eggs expressed 
during the implantation process were probably residual eggs left over from 
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Figure 7: The spawning cycle is best illustrated by the percent of total eggs 
that were fertilized each day after implantation. The high rate of 
fertilization success on days 2 and 3 coincided with peak spawning 
activity and egg production. A smaller secondary spawning peak 
occurred on days 6, 7, and 8. This secondary peak exhibited a much 
lower rate of fertilization success. A small cycle of three days of intense 
spawning, followed by two days of inactivity, and then three more days 
of spawning. 
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natural spawning prior to capture. The smaller female pompano, tag #063, 
displayed immature ovarian development, and was not yet sexually mature 
although the beginning of gonadal recrudesense was observed. 
3.4.2. Egg Quality. Hatching. and Larval Deyelopment 
Each morning spawned eggs were harvested from the egg collectors and 
placed into 500 ml of aerated seawater while still in the nylon collection 
baskets. The eggs were then carried to the ichthyology laboratory for an 
assessment of fertilization and counting. There they were transferred to a 
graduated cylinder for volumetric measurement. Random samples were 
taken from the packed egg mass and counted. A minimum of seven counts 
per sample were performed under stereoscopic examination (40x). It was 
apparent after the first collection that recently fertilized eggs (6-12 hr) would 
float or remain suspended in the water column, while unfertilized eggs 
would sink to the bottom of the vessel. This observation was visualIy 
confirmed during the egg counts. Newly developing embryos, or an 
organized disk of dividing cells, could be observed in each fertiliz~d egg. 
- ... " 
Unfertilized eggs had oil globules dispersed within the cytoplasm, and were 
often shrunken or irregularly shaped (Figure 8). As the eggs approached 
hatching, movement by the larvae became evident. After the egg counts and 
fertilization assessment had been performed, the eggs were resuspended in 
aerated seawater maintained at 2B"C. A majority of the fertilized eggs (>90%) 
hatched within 48 hrs after removal from the tank. Emergent larvae 
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Figure 8: Comparison of fertilized and unfertilized Florida pompano eggs 
under stereoscopic examination (40x). Developing embryos can be 
clearly seen wrapped around the cytoplasm of fertilized eggs (top 
photo). Unfertilized eggs display a "grainy" cytoplasmic texture with 
separate globules of cytoplasm (bottom photo). A clear drop of oil used 
by the larvae for nutrition can be seen in all of the eggs. 
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displayed brief bursts of caudal movement, but usually remained near the 
water's surface. When motionless, the larvae hung inverted beneath a single 
ventral oil droplet. This oil droplet gradually disappeared over the next 
seven days of larval development. The growing larvae exhibited marked 
developmental stages that could be easily recognized. Pigmentation of the 
eyes, color granules on the body surface, development of the digestive system, 
flattening of the elongated body into a perciform morphology, and a widening 
mouth gape provided visual cues that could be correlated with the age (days) 
of the larvae (Figure 9). By day seven of larval development, all of the oil 
droplet that provided embryonic nutrition had been used. Because a size-
specific live diet was unavailable to initiate feeding, starvation was the 
probable of the total larval mortality that resulted. Larval rearing of Florida 
pompano through metam0ll'hosis would require advance staging of 
foodstuffs (Le. algae, rotifers, and artemia) to be successful. 
3.5. Conclusion 
The results of this experiment support the stated hypothesis. In a I!:Iajority 
" 
of the experimental tanks (2 of 3) the LHRH-a implants initiated spawning, 
While the placebo implants produced no effect. The lack of spawning in the 
third experimental tank (#2) could have been caused by a variety of reasons, 
but the most likely causes were: a lack of eggs due to previous spawning 
activity before capture, and the small size of one female fish in that tank. 
There is evidence that only 50% of the Florida pompano that reach age 1 are 
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Picture #1 Picture #2 
Picture #3 Picture #4 
Figure 9: The progressive development of Florida pompano larvae over a 
seven day period. (From top to bottom) Picture #1 - A larval Florida 
pompano emerging from its egg. The eyes have little or no 
pigmentation. A large oil drop is clearly visible. The overall length is 
approximately 2.0 mm. Picture #2 - By day 3 the larvae has started 
development of eye pigmentation. The oil drop has been reduced, and 
the developing digestive system can be seen. Picture #3 - At day five 
the eye structure (including pigmentation) is well advanced. The oil 
droplet has been significantly reduced in size. The mouth is now 
visible and rapidly growing to accommodate prey items up to 25% of 
the larvae's own size. Picture #4 - A 7 day old larvae has eyes that are 
completely developed. Visual acuity will permit the capture of 
moving prey. The mouth gape will accept appropriately sized prey. 
The oil drop for larval nutrition is almost gone. 
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sexually mature (Hood et a!., 1997). The need to "sex" the fish rapidly during 
the implantation process also created some difficulties in determining the sex 
of the fish. The manual expression of either milt or eggs, that was required 
for inclusion in the experiment, could not always be achieved. The more 
accurate method of inserting a cannula into the oviduct or sperm duct to 
determine the sex was intentionally avoided in the weeks prior to the start of 
the experiment to reduce unnecessary trauma to the reproductive system. 
Unfortunately, some of the larger fish that were prime candidates for the 
experiment were not used because a definitive sexing was not possible at the 
time of implantation, e.g. a 2.7 Kg (505 mm FL) female. 
Allowing the fish to spawn semi-naturally (natural spawning after 
artificial induction) provided good quality eggs that exhibited a high rate of 
hatching (>90%). This finding corroborated Hoff's (1976) conclusion that 
semi-natural spawning produces fertilized eggs of excellent quality. The 
reasons for this excellent egg quality are probably linked to the superior 
developmental maturity of the eggs being naturally released by the female 
;;t 
Florida pompano. The correspondingly excellent hatch rates are a likely 
function of egg quality. 
An overall fertilization rate of 44% is adequate for most aquaculture 
applications. Improvements in this rate could likely be achieved by 
increasing the amount of viable sperm that come into contact with freshly 
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spawned eggs. The addition of more male Florida pompano to the tanks, or 
design and engineering improvements in the tank itself, may substantially 
increase the chance of that contact. There have been no published reports 
indicating the rate of natural fertilization in the wild, and there are no 
indications as to what percent of the fertilized eggs would undergo successful 
development under optimum conditions. The expectation that 100% of all 
eggs can be fertilized, mature, and hatch under ideal conditions is not 
realistic. Natural fecundity typically compensates for predatory pressures as 
well as ontogenetic errors in the production of a new generation. 
The secondary spawn on days 6-8 is of little value. It produced less than 
12% of all eggs spawned, and demonstrated a much lower rate of fertilization 
(23%). It was concluded that most of the eggs, and the better quality eggs, were 
spawned and fertilized on days 2 and 3. Eggs that matured after that time 
were probably residual. 
The conditioning regime prior to artificial spawning induction p~epared 
.. ~ 
the fish to produce adequate amounts of sperm and eggs. A diet of mole crabs 
and pink shrimp not only generated sufficient body and gonadal weight, it 
also allowed the fish to heal minor injuries incurred during capture. 
The technology and protocols developed for this experiment worked well. 
Use of a spring-loaded syringe to drive a pellet (or pellets) containing a 
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specific dose of spawning hormone into the dorsal epaxial musculature of the 
fish was quick and efficient. The speed of the procedure required the 
anesthetized fish to be out of the water for a very brief period of time, and 
probably contributed to their high rate of survival (100%). Tank size and 
configuration was adequate for the semi-natural spawning of Florida 
pompano. The number of fish used per 1,776 L tank, two females and three 
males, was large enough to allow spawning to occur, but was small enough to 
help ensure adequate milt/egg contact. 
The new egg collecting baskets developed for this experiment may have 
unintentionally aided fertilization by concentrating the eggs that were 
skimmed from the water's surface, and then funneling potentially sperm-
laden effluent water into the baskets and over the eggs. Collected eggs 
suspended in the net baskets were constantly stirred by well-oxygenated water 
entering the trap. The clear acrylic pipe used in constructing the trap 
permitted an easy visual assessment of any eggs that were caught in the 
collecting baskets. This prompted their timely removal and helped to !educe 
." 
mortality. The techniques, protocols, and hormone dosages developed for 
this experiment would likely be reproducible for future Florida pompano 
spawning experiments, and may be extrapolated to produce intra-genus 
hybrids. 
80 
3.6. Summary 
The induction of semi-natural spawning in captive Florida pompano by 
use of synthetic implants impregnated with the spawning hormone LHRH-a 
is possible. An absence of mortality in the implanted fish suggested that the 
goal of stress reduction by use of a single surgical procedure had been 
accomplished. The ability to promote and synchronize spawning was 
demonstrated in fish that had been nutritionally conditioned with a natural 
diet. Unique, efficient egg collectors, constructed from commonly available 
plumbing supplies, worked well. These collectors trapped spawned eggs by 
skimming them from the effluent surface water of the spawning tanks, and 
then concentrated them for rapid removal to a hatching tank. 
A fertilization rate of 44% for the 203,000 eggs harvested would have been 
satisfactory for most aquaculture applications. The successful hatching and 
subsequent larval development gave positive indication that the techniques 
and methodologies used in this experiment could be effective in stimulating 
out-of-season spawning for Florida pompano. 
.~ 
3.7. Pompano x Permit Hybridization 
Further validation of the techniques developed, and the procedures used 
for the dissertation experiment were supported when a Florida pompano x 
permit hybrid was first produced by this researcher in the spring of 1997. 
Techniques similar to those used in the previous experiments were employed 
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to induce a single 12.7 Kg (83 em) female permit to initiate spawning with a 
795 g (34 em) male Florida pompano (Figure 10). Because of the large size of 
permit at sexual maturity, only a single specimen could be collected. To 
guarantee hybridization had occurred, only a single male pompano was used. 
Despite the large disparity in size between the female permit and the single 
male pompano, spawning occurred on three successi~e nights. Fertilized eggs 
harvested from the egg collector were hatched in an identical manner to 
those of captive Florida pompano. The larval "jumbo pompano" were grown 
through day 7 in the captive environment. No observable behavioral or 
anatomical abnormalities were detected in the larvae. Larval and juvenile 
growout of this unique hybrid are indicated. Production of this hybrid would 
be useful in assessing any growth and/or food conversion benefits imparted 
by either species, and may be a superior choice for commercial propagation. 
82 
Figure 10: The preparation of a 12.7 Kg female permit (Trachinotus falcatus) 
for implantation (top photo). This average-sized female permit gives a 
good indication of the potential growth attributes possible for hybrids. 
The large disparity in size between the female permit and a 0.8 Kg male 
Florida pompano did not discourage spawning (bottom photo). These 
two fish spawned on three successive nights, and produced fertilized 
eggs. The eggs were hatched, and the hybrid larvae reared through day 
seven. 
83 
CHAPTER 4: EXPERIMENT #2 • GROWOUT ENVIRONMENT 
4.1. Introduction 
The variety of growout environments that have been used to culture 
captive Florida pompano is well documented (Watanabe, 1995; JOIY, 1985). 
Each type of growout environment (tank, pond, or cage) has particular 
strengths and weaknesses. Certain business criteria may be employed to judge 
the efficiency of a particular culture environment. This may include: the 
initial cost of the system, the cost effectiveness of the system, maintenance 
costs required, and the ease of harvest. 
While the financial considerations are important, they do not always 
address the higher biological priorities of fish culture. These priorities stress 
maximizing fish growth, while at the same time trying to ;/llinimize 
morbidity and mortality. At the highest culture densities these goals become 
increasingly difficult to meet due to the increased cortisol levels indicative of 
"stress". This stress is typically caused by overcrowding and the water quality 
degradation associated with high density stocking. Reduced growth and 
chronic morbidity may not be immediately recognized as a cause for concern 
if there has been no past culture, or no growth or optimum health baselines 
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were established for a new culture system. Yet, they will ultimately be the 
factors that will determine if the selected culture species can be grown at a 
profit. 
4.1.1. Historic Comparisons 
One of the difficulties encountered in trying to draw comparisons to past 
experiments is compensating for the wide variation of experimental 
parameters used in the different experiments. Tanks and cages that were 
comparable in size may not have had comparable water quality. Those that 
had similar water quality conditions may have used different stocking 
densities. Also, different feeds were usually supplied in each experiment. 
Almost no direct correlation could be found between the variety of growout 
systems that have been used in the past and their effect on growth and 
mortality in captive Florida pompano. The general trends noted by Watanabe 
(1996) were used to help design an experiment that would make a direct 
comparison of different growout environments possible. An attempt to 
compare very different growout environments requires a limitation of 
." 
variables, especially water quality, that can impose inhibitions on feeding and 
growth. 
4.1.2. Tank and Ca~ Design 
The inability to control water quality in ponds makes them poor candidates 
for a comparative growout experiments. Rapidly escalating land prices in 
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coastal areas also make this type of culture system impractical for most 
commercial ventures. This limits most new enterprises to either cage or tank 
culture. 
4.1.2.1. Cages 
Cages have been, and are being used in a number of commercial rearing 
programs around the world. In Europe, cages are being used to raise in 
captivity carp (Cyprinus carpio), eels (Anguilla anguilla), and salmon (Salrno 
spp.,Oncorhynchus spp.) for food. Yellowtail (Seriola guingueradiata), a very 
close relative of the amberjack (Seriola durnerili) found in Florida waters, is 
the most widely cultured marine fish in southeast Asia. It has traditionally 
been grown in large floating net cages in sheltered oceanic waters. In the 
United States, cultured channel catfish (lctalurus punctatus> have been grown 
in cages since the 1960's. Several northwest Pacific salmon species 
(Oncorhynchus spp.) are currently being cultured in large net pen systems, 
and Atlantic salmon (Salrno salar) are being similarly cultured in coastal 
Maine. The striped bass (Morone saxitilis) has been cultured in cages in Long 
.. -
Island Sound. 
The type of cage design that is used is dependent on the type of fish being 
cultured. Channel catfish and carp can be held with minimum mortality in 
square or rectangular cages. Other fish, especially pelagic marine fish, may 
need large, expansive cages that are circular or oval-shaped. Pelagic fish may 
86 
require this type of cage because they will often follow the outer boundaries of 
the rectangular cage into a comer, become trapped, and asphyxiate. Circular 
or oval-shaped net cages have become the norm in small marine fish cage 
design. 
The flow pattern of the circulated water within the cage is also important. 
There must be enough water circulation (current-driven, tide-driven, or 
wind-driven) through the cage to remove the waste products of the fish 
inside the cage. Most cages utilize some sort of mesh (usually plastic) sides, 
top, and bottom. They have some type of flotation device or collar to keep 
them at the waters surface, and there is some method of anchoring that will 
keep the cage stationary in rough water. Biofouling is a major problem in 
most marine culture situations. Normal maintenance requires the cage to be 
removed and cleaned at regular intervals. This requirement, and the 
corrosive nature of the marine environment, limit the life span of a cage to 
approximately 5 years (Landau, 1992). Food delivery in the cage is usually 
made into a floating ring or onto a stationary tray. Despite these ptecautions, 
.. ~ 
food loss can still be substantial in small-to-medium sized cages. 
4.1.2.2. Tanks 
Tanks come in a wide variety of sizes and shapes. The shape that is 
selected for a culture tank is generally determined in the same way that cage 
shapes are determined; with two important exceptions. Because a tank is not 
open on all sides for water exchange, special attention must be given to waste 
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removal. High fish densities create a large BOD (Broussard et ai., 1976). Fast 
exchange rates and supplemental O2 application are usually required for 
optimum growth and survivaL The bottoms of these types of tanks are often 
sloped to a central drain or standpipe. Focusing the waste bearing water into a 
specific drainage stream allows its disposal or treatment in the most efficient 
way possible. The second exception is determined by the hydrodynamic flow 
requirements within the tank. High stocking densities within the tank may 
necessitate a specific directional flow pattern in the tank to reduce or 
eliminate "dead spots" of anoxic water. There may also be a requirement on 
the fish's part to have strongly moving water to swim into. This may be 
required for some pelagic or semi-pelagic species that, to some degree, utilize 
ram ventilation for respiration. It may also be necessary for the food to have 
movement to induce feeding. If food is distributed on the surface of the tank, 
there may also be a need to assure that each fish will be able to reach the food 
at the waters surface without undue trauma or exertion. This may be a 
consideration in tanks that have a relatively small surface area as compared 
to the total water volume in the tank. 
There has been a great deal of improvement in the type of materials that 
are used in tank construction. Smooth fiberglass, epoxy, and plastic finishes 
have replaced the old wood or concrete surfaces. Because the new surfaces are 
virtually "abrasion free" more fish can now be stocked into a comparable 
volume tank without fin or slime coat damage. This increases the tendency 
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to overstock a tank. A tank's maximum stocking density is more often 
determined by the carrying capacity of the water treatment system than it is by 
the tank. Tank shape may also affect flow patterns, water velocity, and the 
physiological well-being of the fish. 
The type of water treatment administered to the culture water is critical if 
the water is reused in a closed system. The need for solids collection, small 
particulate filtration, foam fractionation, nitrification, complex organic 
oxidation (ozonation), and oxygenation are required in tanks that recirculate 
water. Water that is used only once in a flow-through system may require 
only minor "polishing" before being supplied to the fish in the tanks. 
Effluent water from those tanks may require some type of treatment, but this 
treatment would be unrelated to the culture conditions for the fish. 
4.1.23. Silos and Upwellers 
A variation of the standard circular tank is the silo (vertical raceway) or 
upwelling culture system. In this type of system pressurized water is piped 
.":l, 
directly to the bottom of a tall cylindrical culture tank. Strong currents from 
this influent source boil to the surface of the tank lifting the fish and reducing 
the need for active swimming, and carrying away uneaten food and feces to a 
drain(s) at the surface of the water. The skimming action provided by the 
surface drains serve a dual function of removing the long-chained 
hydrophobic molecules of fish mucus and feed fats that produce foaming in 
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marine tanks, and they help remove uneaten food and feces. These functions 
are normally performed by a standpipe and bottom drain in the middle of 
tradi tional tangential-flow tanks. 
This type of tank design was originally used to culture rainbow trout in 
Pennsylvania (Buss et aI., 1970), and was later refined to deliver a more 
consistent flow for large scale hatchery production of rainbow trout (Moody 
and McClesky, 1978). The system. design was adapted for Florida pompano 
aquaculture in the Florida Keys (Krantz, 1973). Reported improvements in 
the growth rates for other fish suggest that this type of tank system may 
significantly improve growth rates in juvenile Florida pompano. 
4.1.3. Hypotheses Experiment #2 
A. An upwelling flow pattern in a silo tank environment will produce 
better growth in juvenile Florida pompano than will a traditional tangential-
flow pattern in a cirCIIlar tank. B. A circular tangential-flow tank 
environment will produce better growth in juvenile Florida pomgano than 
will a floating net cage environment. 
4.2. Methods 
4.2.1. Specimen Collection 
On August 1, 1996 a total of 228 juvenile Florida pompano were collected 
from the nearshore surf of Crescent Beach, Florida. The gently sloping 
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beaches in this area attract and hold large numbers of juvenile pompano 
from May through September. An 8m x 103m, 10 mm mesh beach seine was 
used to capture the fish. Seined fish were graded to ensure uniformity of size. 
The selected fish were then transported back to Nova Southeastern 
University's Oceanographic Center in two 160 L circular tanks. A small dose 
of M5-222 (0.2 g) was added to each of the well-aerated tanks to provide light 
tranquilization for the 5.5 hour return trip. No mortality was experienced 
during transport. 
Immediately upon arrival at the Oceanographic Center all fish were 
removed from the transport tanks and placed into a 100% freshwater bath 
containing 15 mg/L Formalin-F (37% formaldehyde). The fish were exposed 
to this treatment for 15 minutes. The purpose of this bath was to kill external 
parasites, and to eliminate as many pathogens as possible. All fish were 
closely monitored during the therapeutic bath for signs of stress or anoxia 
caused by the formalin. After treatment, homogeneously sized fish were 
randomly distributed into · three types of growout environments: upwelling 
;,~ 
tanks (5), the net cages (5), and standard circular tangential-flow tanks (4). 
4.2.2. GrQWPut Tanks and Cages 
The construction and modification of the tanks and cages used in this 
experiment were completed at Nova Southeastern University's 
Oceanographic Center, Dania, Florida. All of the materials used were 
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commonly available at most home supply warehouses. When special 
materials were used i.e. netting and epoxy, the suppliers are noted. 
Comparative growout environments are, by their nature, usually quite 
different in appearance and form. The ones constructed for this experiment 
were representative of some of the growout systems that had been previously 
used in Florida pompano aquaculture. 
4.2.2.1. Experimental Upwellers 
The upwelling tanks were constructed by removing the top of an industrial 
food grade 220 L (55 gal) polyethylene drum, and installing two (2) 2.5 cm (1 
inch) bulkhead fittings (Aquatic Eco-Systems, Inc.). After the bulkhead 
installation, the overall culture volume of the tanks were reduced to 200 L. 
The five replicate tanks were elevated 45 cm above ground level to provide 
adequate fall for drainage, and to facilitate cleaning. (Figure 11). The entire 
system was housed under a roofed exterior patio that provided continuous 
shading throughout the day. 
A semi-recirculating water system supplied an average 40 L/min. of 
filtered, sterilized, seawater to each upweller (filtration specifications noted in 
experiment #1). Individual flow rates could be increased (4x) in each 
upweller by the use of a ball valve (1.88 cm). The 1.25 cm (0.5 inch) diameter 
PVC influent lines were positioned directly into the center of each tank, and 
extended to within 6 em of the tank bottom. A secondary one-horsepower 
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Verticall!pwelling Tank Envirooment 
(5 replicates) 
Total utilized volume = 200 L 
Stocking density = 26 fish 1m3 
(N=5) juvenile Florida pompano 
Vertical Net Cage Environment 
(S replicates) 
Total utilized volume = 200 L 
Stocking density = 26 fish/m3 
(N=5) juvenile Florida pompano 
Circular Tangential-Flow Tank 
(4 reylicates) 
Tota utilized volume = 1,776 L 
Stocking density = 7 fish/m3 
(N=12) juvenile Florida pompano 
.. 
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Figure 11: This figure illustrates the three culture environments compared 
in experiment #2: the upwelling environment (5 replicates), the net 
cage environment (5 replicates), and the standard circular tangential-
flow tank (4 replicates). The total volume of each system, the stocking 
denSity, and the number of fish grown in each environment is noted. 
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pump (Jacuzzi) increased water pressure in all influent water lines. This 
added pressure ensured that the upwelling currents could be evenly 
maintained in all replicate tanks. Supplemental aeration was furnished in 
each upweller by the addition of two (2.0 em x 2.5 em) air diffusers connected 
to a 4 mm diameter air line. A 1/3 hp regenerative blower (Sweetwater- 521) 
supplied continuous aeration. 
4.2.2.2. Experimental Net Cages 
Each net cage used in the experiment was identical in volume to the 
upwelling tanks. Exterior dimensions were 83.8 em high x 55.0 cm in 
diameter. The cages were constructed of 1.25 em (0.5 inch) flexible PVC 
piping, PVC elbows, and T-connectors, cemented into a cylindrical 
framework. This framework was covered by an extruded, square-meshed (5 
mm) polypropylene netting (No. OV-3018, InterNet, Inc.). The netting was 
black in color, and it was attached to the cage by nylon cable ties. 
A 5 cm (diameter) plastic foam "noodle" normally used as a ,children'S 
" 
swimming pool toy was installed inside the top perimeter of each cage to keep 
the top of the cage above the water line. The noodle provided ideal buoyancy 
and durability throughout the course of the experiment. It also acted as a 
primary feeding ring, and kept the feed localized within the cage for as long as 
possible. A clear plastic feeding tray was installed in the bottom of each cage 
to prevent sinking food from being lost prematurely from the cage. An 
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untied portion of netting was left open at the top of each cage, and secured 
only by a nylon string. This opening permitted easy access to remove and 
replace the fish during sampling (Figure 11). 
All of the cages were positioned under a wooden dock 9.1 m long, and 
1.8 m wide. The dock was abutted on one side (length) by a concrete sea wall 
that ran from the top of the dock to the bottom of the pilings. The depth of 
the water under the dock fluctuated with the tides, but never exceeded 2.7 m 
high, or 12 m low. At no time were the cages closer to the bottom substrates 
than 0.3 m. Cages were evenly spaced under the dock with a 1.5 m separation 
between each cage. Hatches were cut into the deck planking of the dock to 
permit easy access to the cages. This provided a secure, stimulus-minimizing 
environment under the dock. It also provided a great deal of shade during 
the day. The cages were securely anchored in position under the dock by 
means of a 100 lb. test monofilament fishing line that was attached to an 18 
Kg block under each cage. The line passed through a hole drilled in the 4-way 
T-connector at the bottom axis of the cage, and then transected the cage along 
~ 
its longitudinal axis, finally exiting through the 4-way T-connector at the top 
of the cage. A brass clip attached the anchor line to the underside of the dock. 
This arrangement allowed the cage to slide up and down the monofilament 
line with the changing tides, while remaining in a fixed position under the 
dock. The outside perimeter of the dock was further protected from 
disturbance with a top-ta-bottom covering of black polypropylene netting (3.1 
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cm x 3.8 cm) mesh (No. OV-4885, InterNet, Inc.). Potentially predatory fish 
were effectively excluded by this large meshed netting. The dock was located 
in the Oceanographic Center's boat basin. This location is within 200 meters 
of the Port Everglades Inlet, where it was provided with strong, twice daily 
exchange of oceanic water. 
4.2.2.3. Circular Tangential-Flow Tanks 
The circular tanks that were used asa -third treatment in this experiment 
were typical of the tanks frequently used in the growout of many different 
marine fish. All of the tanks were made of a laminated fiberglass 
construction 2.5 em thick. The interior of each tank had been sanded smooth 
and coated with a high grade marine epoxy resin pigmented light blue in 
color. After curing, the epoxy received two coats of clear, non-toxic Steelflex 
resin to provide a potable water surface. This additional coating ensured that 
no volatile byproducts from any resin or epoxy could leach into the tank. 
Each tank was 1.8 m in diameter and had a volume of 1,776 L (444 gal). The 
bottom of the tank sloped into a center drain to facilitate cleaning. Under 
operating conditions this drain would be extended by a 80 em standpipe to the 
water's surface. The standpipe provided continuous skimming of the water 
surface as long as a constant flow rate was supplied to the tank. Supplemental 
aeration in each tank was provided by the air diffusers and tubing identical to 
those used in the upwellers. A comparison of all three culture environments 
are pictured in figure 11. An overhead gravity-feed water system delivered 20 
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L/min. of filtered seawater to each tank. This flow was regulated by an 
adjustable ball valve exactly like those used in the upwellers. The influent 
water was piped into the tank through a 1.25 cm PVC line that was attached to 
the vertical side of the tank. This line extended approximately 60 cm beneath 
the surface of the tank and had 6 drilled holes 0.63 cm (0.25 in) to direct the 
pressurized flow parallel to the tank bottom, and at a tangent to the side of the 
tank. A circular flow pattern resulted. Fecal wastes and uneaten food spiraled 
into the center of tank, and towards the central standpipe. 
4.2.3.~ 
A pelletized experimental diet formulation developed by Dr. Jon Tucker at 
the Harbor Branch Oceanographic Institute, Ft. Pierce, Florida, was used for all 
groups in the experiment. The crumble (1-3 mm) sinking diet was 
appropriate for the mouth gape of the juvenile fish. Feed was supplied at a 
10%/body weight/day ration in two equal rations, one in the morning, and 
one in the afternoon. Each ration was sifted across a screen mesh prior to 
weighing to guarantee removal of inedible "fines" and dust. Ze~gler Bros., 
Inc., Gardners, P A produced the comparative diet used in this experiment, 
and the experimental diet used in experiment #3. 
4.2.4. Water Quality 
The water quality parameters of salinity, dissolved oxygen (DO), 
temperature, ammonia, and pH were measured weekly, two hours prior to 
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sampling. These measurements were conducted approximately one hour 
after feeding to coincide with the most likely time of any change in water 
quality. Salinity was measured with a PIN POIN~ electronic salinity meter 
capable of measuring .01-62 ppt salt with a ±4% accuracy. A digital 
thermometer was used to measure temperature to ± 0.1°C. The 00 was 
determined with use of a PIN POIN~ portable dissolved oxygen meter which 
was air calibrated prior to each sample period. A PIN POI~ model PH370 
pH meter determined pH measurements to ±.Ol pH unit. The pH meter was 
calibrated to a standardized 4.01 pH solution and to a standardized 7.01 pH 
solution prior to use. Total ammonia, NH3 (un-ionized) and NH. (ionized), 
were measured by use of a LaMotte® test kit. 
4.2.5. Experiment Design 
Juvenile Florida pompano captured on August 1, 1996, were weighed (g) 
and measured (mm) immediately after a freshwater/formalin bath. Fish of 
relatively uniform size were pooled in a separate culture tank. A total of 146 
of these fish were randomly selected, and then placed into their .. respective 
,. 
experimental or control environments. Each of the five (5) replicates of the 
experimental upwelling culture system received five (N=5) juvenile Florida 
pompano that weighed 19.0±0.7 g. Fish in the upwelling tanks were stocked 
at a density of one fish per 20 L water. The five (5) replicates of the 
experimental net cages, received five (N=5) fish that weighed 20.8±O.6 g. A 
stocking density 1.0Kg/I03Lm was utilized. The traditional circular tanks 
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were designated as control (4 replicates); each received twelve (N=12) fish that 
weighed 19.3±O.4 g. Initial stocking density was one fish per 148 L of culture 
volume. The difference in the number of fish stocked between the 
experimental and control environments was made to approximate similar 
stocking densities in each environment without impacting water quality. 
The upweUers and circular tanks were covered with polyethylene bird netting 
to prevent the fish from jumping out, and to protect against bird predation. 
Fish movement within the experimental and control environments was 
visually monitored over the course of the 13 week experiment. Sampling 
was conducted each week. At this time the fish were measured (FL mm) and 
weighed (g). Just prior to weighing and measuring the fish were placed into a 
freshwater/formalin bath to remove ectoparasites. Treatment times did not 
exceed seven minutes. 
4.3. Data Analysis 
Analysis of the data was performed with a standard statistical;-cprogram 
Statistica (StatSoft, Tulsa, OK). Mean weight, and weight changes between 
experimental and control groups, were analyzed by a two way analysis of 
variance (ANOVA). Significant differences between means (P<O.05) were 
further analyzed by a Student-Newman-Keuls (SNK) test to determine which 
treatments were significantly different. 
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A two-way ANOVA was also used to make an intra-treatment comparison 
between replicates. Differences were compared over the experimental period 
to determine if a "tank effect" was present between tanks of a given 
treatment. Repeated measures analysis was also conducted to confirm that 
the observed growth was significant (P<O.05) over time. 
The slope of the growth curve (W,-W./I!.T) was computed for comparison 
between treatments. The change in the slope of each growth curve (I!. slope) 
was computed for each sample interval, and was used to measure during 
which period(s) the most radical changes (positive and negative) in the 
growth curves occurred. 
In the event of mortality within any replicate or replicate group, the 
remaining individuals within the replicate, or replicates within the 
treatment, would be averaged to calculate the mean for that group. 
4.4. Results and Discussion 
4.4.1 Determination of Growth 
Weekly growth measurements were made for both length (mm) and mass 
(g). There was generally a direct correlation between mass and length for the 
fish in used in the experiments. The unit of weight (g) was selected as the 
principle determinate for assessing growth, as it is for most growout and 
aquaculture research, while the unit of length (mm) is more often used as the 
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primary measure of growth in ecological and fisheries studies. Growth was 
measured as the change in weight from the initial weight. Figure 12 shows 
the difference in the average mass (±SEM) between the three experimental 
treatments. 
4.4.2 Net Cages 
The fish in the net cages had a statistically similar starting weight 20.8±O.6g, 
to the fish in the standard circular tangential-flow tanks 19.3±O.4g (Two-way 
ANOVA/SNK, P=O.092), and to the fish in the upwelling tanks 19.0±0.7g 
(Two-way ANOV A/SNK, P=O.103). After one week in culture the net cages 
(22.6±O.4g) had produced significantly less weight and growth than the 
upwelling tanks (25.1±O.7g) (Two-way ANOVA/SNK, P=O.022). This trend 
between the net cages and upwelling tanks continued for all remaining weeks 
of the experiment (Two-way ANOV A/SNK), P<O.05). At week 3 the standard 
circular tangential-flow tanks (40.0±1.3g) exhibited statistically greater weight 
than the net cages (34.5±1.0) (Two-way ANOV A/SNK), P=O.005). Significantly 
different weights were recorded between the net cages and th~ standard 
.,. 
circular tangential-flow tanks for the remainder of the experimental period 
(Two-way ANOV A/SNK, P<O.05) (Table 3). 
By the end of the 13 week experiment there was an average 33.7±18.9g/fish 
difference in the weight of the fish in the net cages versus those in the 
standard circular tangential-flow tanks. There was an even more pronounced 
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Figure 12: Mean weight gain of juvenile Florida pompano grown in three 
different growout environments (±5EM). The fish grown in the 
upwelling tank treatment exhibited significantly greater weight after 
one week of culture than did those in either the standard circular 
tangential-flow tank treatment (P=O.016), or those in the net cage 
treatment (P=O.022) (Two-way ANOVA/SNK). An average daily weight 
gain of 1.49±O.lg/day in the upwelling environment, 1.40±0.lg/day in 
the standard circular tank environment, and l.03±o.lg/day in the net 
cages, are among the best growth rates reported for juvenile Florida 
pompano reared in captivity. 
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Table 3: A comparison of each treatment mean (Weight (g» against the other 
two means (ANOVA), Student-Newman-Keuls (SNK) at each sample date 
indicated which means were Significantly (P<Q,Q5) different from any of 
the other means, After starting the experiment with statistically similar 
size to the other two treatments, the upwelling growout environment 
exhibited greater growth than the standard circular tangential-flow tanks 
for seven consecutive weeks, and better growth than the net cage 
environment over the course of the experiment, 
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42.0±13.4g/ fish difference in weight of the fish in the net cages versus those in 
the upwelling tanks. The lowest total growth that occurred during the 95 day 
experiment was seen in the net cages, which produced an average net weight 
gain of 97.5±6.9g/fish. This amounted to an average daily weight gain of 
l.03±O.lg/day. In comparison, the standard circular tangential-flow tanks 
exhibited a net weight gain of 132.7±10.7g/fish, which was accrued at a rate of 
1.4O±O.lg/day. The upwelling tanks displayed the largest overall average 
weight gain of 141.3±7.9g/fish, at a rate of l.49±O.lg/fish each day. 
Repeated measures ANOV As of data for tanks within this treatment 
confirmed that significant growth had occurred over the course of the 
experimental period (ANOV A, P<O.05). 
4.4.2.1 Net Cage Rate of Growth 
The slope of the growth curve for any treatment is directly and positively 
correlated to the rate of growth for that treatment. Identification of where the 
greatest rate of growth occurs is instrumental in evaluating the effect of a 
;;,. 
specific treatment. Comparison of the slope for the growth curves of the 
three different growout environments used in this experiment identifies 
where differences in the rate of growth occurred. The magnitude of the 
growth rate was then compared against the other treatments to provide a 
rough estimate of how much greater or lesser a particular treatment 
performed. Further comparison was made by computing the change in the 
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rate of growth from week to week (6Slope). Calculating the change of slope 
(slopex<l- slope,) of a growth curve quantifiably substantiates whether the 
growth rate is increasing or decreasing. 
The slope of the growth curve (W.-W.I 6T) expressed the rate of growth for 
the fish in the net cages. It rose rapidly during the first four weeks of the 
experiment (4.8), but did not rise as quickly as the standard circular tangential-
flow tanks (8.8) or the upwelling tanks (122) during this period (Figure 13). 
The slope of the growth curve continued to increase slowly over the 
remaining nine weeks of the experiment. There was sharp increase in the 
growth rate of the net cages during the first four weeks of the experiment 
similar to that seen in the standard circular tangential-flow tanks and the 
upwelling tanks, but this rate of growth increased too slowly to reach a point 
of equilibrium that would have indicated the maximum possible growth rate 
for that environment. 
A strong positive change in the growth rate (6Slope) was seen;,over the 
first two weeks of the experiment in the net cages (1.8, 2.1). This positive 
change continued to occur over the remaining 11 weeks of the experiment, 
but it did so at a more gradual rate. After week 4 the slope of the growth 
curve produced by the fish in the net cages was still increasing toward a point 
of equilibrium in the growth rate (where positive and negative fluctuations 
in slope would occur), but it did so very slowly. If the growth curve observed 
106 
14 
12 
10 . . -_. . . . . . ... . ... . . /-~----.--:-:-:---.. -.-~ 
--,,--./' 
, -/ . 
; 6 ... /-. 
iii -
, I. .......... .. .. . ....... .
-
2 
1---circularTank ; 
! --.!r- Upwelling Tank! 
, ' 
.... .. .. . ... . . . ..... l--+-Net Cage i .. 
o+---+---+---+---+---~--~--~--~--~--~~~~ 
1 2 3 4 5 678 
Week 
9 10 1 1 12 13 
Figure 13: Comparison of the slopes of the growth curves indicates where 
changes in the growth rate occurred for the three experimental 
treatments. When a growth rate equilibrium was achieved, as 
evidenced by both positive and negative fluctuations, instead of 
constant positive increases in the change of the slope of the growth 
curve (6Slope), it is believed the rate of growth has been maximized in 
that particular environment. This occurred at week 5 for the fish in 
the upwelling tank environment. It was reached at week 9 in the 
standard circular tangential-flow tanks. The maximum rate of growth 
in the net cage treatment was not achieved by the end of the 
experiment. 
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for the net cages was extrapolated (i.e. extended) to continue at the same rate, 
it would have required another 6 or more weeks to reach a point of 
equilibrium close to the observed rate of growth exhibited by the other 
treatments. 
A multiple means analysis of variance (MANOV A) was used to compare 
all net cages exposed to the experimental treatment. Individual net cages 
exhibited no Significant (superior or inferior) differences in growth to other 
replicates within the treatment (Two-way ANOV A/SNI<, p>O.05). 
Observations made during the daily feedings may explain some of the 
difference in growth between the net cages, the circular tangential-flow tanks, 
and the upwelling tanks. After the daily ration of sinking food was dropped 
within the feeding ring in the net cages, some of it would be lost (at times) 
through the side of the cage. Strong tidal currents could sweep some of the 
pellets through the cage mesh before they could sink to the feeding tray. This 
was only observed during periods of strongest tidal exchange, but it may have 
had an effect on the overall food availability between feedings. The food was 
administered at a slow rate so the fish in the cage could eat as much as they 
wanted before the pellets would sink to the feeding tray. This portion of the 
feed, that supplied beyond satiation, could be lost before the next feeding. 
There was also minor food loss due to small indigenous fish. Some of the 
smaller fish were able to pass through the cage material and eat some of the 
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left over food being held on the feeding trays. Although these fish were very 
small, they may have had a cumulative effect in removing available food, or 
mechanically breaking the pellets into a size too small to be attractive to the 
juvenile Florida pompano. 
4.4.3. Standard Circular Tangential-Flow Tanks 
Juvenile Florida pompano grown in the standard circular tangential-flow 
tank environment had starting weights statistically similar to those in the 
two other treatments (Two-way ANOVA/SNK, P>O.05). Week 1 samples 
indicated that the fish in the standard circular tangential-flow tanks weighed 
22.9±O.4g. This weight was significantly less than the 25.1±O.7g recorded for 
the fish in the upwelling tanks (Two-way ANOV A/SNK, P=O.016). A 
significant difference persisted through week 7 (Two-way ANOVA/SNK, 
P<O.05). After this time variability in individual fish growth made the 
treatment means statistically similar. However, the final average weight of 
the fish in the standard circular tangential-flow tanks finished lower 
(152.1±11.3g) than the average weight of the fish in the upwelling tanks 
;ft 
(160.3±6.3g) (Figure 12). 
Fish in the standard circular tangential-flow tanks exhibited statistically 
similar average weights to fish in the net cages until week 3 of the experiment 
(Two-way ANOVA/SNK, P>O.05). At that time, the fish in the standard 
circular tangential-flow tanks had a statistically greater average weight 
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(40.0±1.3g) than those in the net cages (34.5±1.0g) (Two-way ANOVA/SNK, 
P=0.005) This difference increased over the remaining 10 weeks of the 
experiment (Two-way ANOV A/SNK, P<O.05). The final average weight of 
the fish in the standard circular tangential-flow tanks was 152.1±l1.7g, and the 
final average weight of the fish in the net cages was 118.3±7.2g (Two-way 
ANOVA/SNK, P=0.018) (Table 3). The juvenile Florida pompano in the 
standard circular tangential-flow tanks gained an average 132.7±11.7g, at a rate 
of 1.4O±O.lg/ day. 
Confirmation that statistically significant growth had occurred for this 
treatment over the experimental period was made by repeated measures 
analysis of variance (ANOVA, P<0.05). 
4.4.3.1. Standard Tank Rate of Growth 
The rate of growth for the fish in the standard circular tangential-flow 
tanks, as expressed by the slope of the growth curve, began initially at 3.6 after 
week 1. The growth rate then increased moderately over the next ~ive weeks 
until leveling off at 9.6-10.2, where it remained for the remainder of the 
experiment. The slope of the growth curve after week 1 in the standard 
circular tangential-flow tanks (3.6) was over 40% less than that of the 
upwelling tanks (6.1), but it was almost 50% greater than the slope of the 
growth curve in the net cages (1.7). There was also a more consistent weekly 
change in the slope of the growth curve in the standard circular tangential-
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flow tanks (3.6,5.7,6.9,8.8,9.2) during the first five weeks, than there was for 
the net cages (1.7, 3.9, 4.6,4.8,4.8) or the upwelling tanks (6.1, 10.2, 11.5, 12.2, 
11.5). 
The change in the rate of growth (.1.5lope) was similarly pronounced 
(positively) over the first four weeks of the experiment for the standard 
circular tangential-flow tanks. It continued to change positively after week 4, 
but did so at approximately 25% of the rate exhibited in first four weeks. This 
reduced change in the growth rate continued until week 9. At week 9 the 
change in the growth curve demonstrated a negative change in slope, and 
then fluctuated between positive and negative change for the rest of the 
experiment. These fluctuations indicated a steady state of growth rate 
equilibrium. This may also indicate that the maximum rate of growth in the 
standard circular tangential-flow tank environment had been achieved by 
week 9. The upwelling tanks already exhibited a plateau in the rate of growth 
by this time, and they were also displaying the interspersed positive and 
negative fluctuations in slope of the growth curve that may indicat~ a state of 
growth rate equilibrium (Figure 13). 
No Significant "tank effect" could be detected between the fish in the four 
standard, circular, tangential-flow replicate tanks used in the experiment over 
the experimental period (ANOYA/SNK, P>O.05). 
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During the first two weeks of the experiment there was an observed 
unwillingness by the fish in the standard, circular, tangential-flow tanks to 
feed on pellets laying on the bottom of the tank between feedings. This 
behavioral response slowly changed over the term of the experiment, so that 
by the end of the experiment most of the fish would accept pellets laying on 
the tank bottom between feedings. 
Swimming and schooling behaviors of the fish in the standard circular 
tangential-flow tanks also changed. over the experimental period. When the 
small Florida pompano were first placed into the circular tanks, they swam in 
a tight school following the perimeter of the tank. They consistently swam 
into the current, and seldom left the school to feed individually. As these 
fish grew, their swimming behavior become less "school-oriented" and 
became more individualistic. After three to six weeks in the standard, 
circular, tangential-flow tanks they would often swim individually, and 
would randomly venture to any part of the tank, without apparent regard to 
current direction or velocity, in search of food. 
4.4.4. Upwelling Tanks 
At the start of the experiment, the fish in the upwelling tanks displayed 
similar starting weights (19.0±0.7g) as the fish in the standard tangential-flow 
tanks (19.3±O.4g) (Two-way ANOV A/SNK, P=O.683), and as those in the net 
cage environment (20.8±O.6g) (Two-way ANOVA/SNK, P=O.103). By week 2 
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of the experiment a significant difference in weight had developed between 
the fish in the upwelling tanks (25.1±O.7g) and those in the standard circular 
tangential-flow tanks (22.9±O.4g) (Two-way ANOV A/SNK, P=O.037). There 
was also a greater significant difference in weight between the fish in 
upwelling tanks (25.1±O.7) and those in the net cages (22.6±O.4g) at this time 
(Two-way ANOV A/SNK, P=O.022) (Figure 12). 
The significantly greater average mass of the fish reared in the upwelling 
tanks was maintained over those ' in the standard tangential-flow tanks 
through week 8 of the experiment (Two-way ANOV A/SNK, P<O.05) The 
significantly greater mass of the fish in the upwelling tanks, over those in the 
net cages, remained significantly greater until the end of the experimental 
period at week 13. (Two-way ANOVA/SNK, P<O.05) (Table 3). Over the 
course of the 95 day experiment, the fish in the upwelling tanks grew an 
average 141.3±6.3g. This weight gain was accrued at an average rate of 
1.49g/day. At experiment's end each fish in the upwelling tanks weighed an 
average 42.0±14.8g more than the fish in the net cages, and displayed an 
insignificant average difference of 8.2±18.0g more than the fish in standard 
circular tangential-flow tanks. 
Repeated measures ANOVA of was used to confirm statistically significant 
growth had occurred during the 59 day experimental period (P<O.05). 
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4.4.4.1. Upwelling Tank Rate of Growth 
The rate of growth, represented by the slope of the growth curve, was 
highest in the upwelling tank treatment. The slope of the growth curve was 
higher in the upwelling tanks (6.1) than in the standard, circular, tangential-
flow tanks (3.6), or in the net cages (1.7), after a one week exposure to the 
experimental regime. Over the first four weeks of the experiment the slope of 
the growth curve for the upwelling tanks was (6.1, 10.2, 11.5, 12.2), and 
remained greater than the slope of the growth curve for the standard circular 
tangential-flow tanks (3.6, 5.7, 6.9, 8.8) and the net cages (1.7, 3.9, 4.6, 4.8) 
(Figure 13). 
At week 5, the slope of the growth curve for the fish in the upwelling tanks 
declined from 12.2 at week 4, to U.5 at week 5. This decrease signaled the start 
of a "plateau" in the rate of growth for the remainder of the experiment. 
During this time the change in the slope of the growth curve of the upwelling 
tanks exhibited both positive and negative changes, but remained between 
10.9 and 11.8. The stabilization of the slope of the growth curve ~ay indicate 
." 
that a dynamic equilibrium in the growth rate had been achieved for this 
treatment. 
The fish in the upwelling environment appeared to feed frequently 
between food applications on the suspended food pellets that were kept in 
motion by the surging currents. This behavior was observed from the 
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beginning, until the end of the experiment. The prolonged feeding behavior 
was observed to occur throughout the day. 
Because the upwellers were translucent, the movements of the fish could 
be easily seen. Over the course of the experiment there was a pronounced 
change in the swimming behavior of the fish in the upwelling tanks. When 
the fish were at their smallest during the first few weeks of the experiment 
they would frequently "ride" the upwelling currents and wait for suspended 
food to pass their feeding station. As they grew, their feeding behavior 
became more aggressive. During the last nine weeks of the experiment the 
fish were often observed making non-stop vertical migrations in the 
upwelling tanks. 
4.4.5. Occurrence of Disease 
There was no incidence of disease during the experiment. Previous 
experience with Cryptocaryon irritans and other diseases at this facility had 
indicated that fish undergoing a disease challenge would reduce their feeding, 
;";I. 
or stop eating altogether. The preventative measures taken during the 
experiment (freshwater and formalin baths and high flow rates in the tanks) 
were effective in preventing disease over the experimental period. There was 
also no indication that the prophylactic measures inhibited feeding, or in any 
other way altered the fish's behavior after sampling. The fish seemed to 
became more acclimated to the rigors of the sampling process over the course 
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of the experiment, and became more passive with each successive handling. 
This assessment could also be attributed to the increasing maturity of the fish, 
the increased size of the fish, and more efficient sampling technique by the 
researcher. 
4.4.6. Water Ouality 
Overall water quality fluctuated little during the course of the exp.eriment 
(Appendix 8-4). Because the water intake line for the flow-through seawater 
system was located within 50 m of the net cage enclosure, tidal exchange 
provided a consistently uniform water quality for the upwellers, circular 
tanks, and net cages alike. The rapid exchange rates within the upwellers and 
in the circular tanks reduced any chance of a nitrogenous waste build-up. 
Temperature fluctuations were minimized by a constant addition of water 
pumped from the inlet area. The only potential difference was in the force of 
the water movement itself, and in the occasional turbidity. Each net cage 
experienced a different flow pattern of water through the cage depending on 
where the cage was located. The rate of tidal exchange was affec!\!d by the 
phase of the moon. High and low tides were magnified by neap tide 
influences. Enhanced current velocities passed through the cages, and the 
water occasionally became more turbid. Some of this turbidity was passed 
into the upwelling and circular tangential-flow environments, but not at the 
same concentration as experienced by the net cages. This degree of turbidity 
oCcurred on relatively few days (<10) over the course of the experiment. 
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4.5. Conclusions 
All of the experimental treatments; net cages, standard circular tangential-
flow tanks, and upwelling tanks, exhibited positive growth during the 
experimental period. The upwelling tank environment produced the greatest 
overall growth (160.3±6.3g), and the largest net growth (141.3±S.6g) of the 
three treatments. It also exhibited the largest daily weight gain of 
1.49±O.lg/fish. SignificantLy greater weight differences of the upwelling tanks 
over the standard circular tangential-flow tanks were recorded during weeks 2 
- 7 (Two-way ANOVA/SNK, P<O.OS). The final average weight of the fish in 
the upwelling tanks were not statistically different (P<O.OS) from the final 
average weight of the fish in the standard circular tangential-flow tanks by the 
end of the experiment (152.1±11.7g), due to an increasingly variable rate of 
growth among individual fish. The upwelling tanks displayed significantly 
greater growth than the net cages from week 1, until the end of the 
experiment (Two-way ANOV A/SNK, P<O.OS). 
The standard, circular, tangential-flow tanks showed greater grq.wth than 
,<" 
the net cages after week 3 of the experiment, but manifested significantly less 
growth than the upwelling tanks from week 2 - 7 (Two-way ANOV A/SNK, 
P<O.05). Starting with a statistically similar weight as the other two 
treatments, the fish in the net cages had significantly less weight than the 
upwelling tanks after only one week of growth, and possessed Significantly 
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less weight than the standard circular tangential-flow tanks after three weeks 
of growout. 
The differences in the final grow out weights can be attributed to changes in 
the growth curves during the experiment. A substantial proportion of these 
changes are undoubtedly due to the different growout environments and the 
response of the juvenile Florida pompano to those treatments. The slope of 
the growth curves expresses the similarities and differences that contributed 
to observed growout performance. 
Each of three treatments exhibited a distinct positive increase in the slope of 
their growth curves during the first four weeks of the experiment. Since each 
of the treatments were different in nature, it is unlikely that this dramatic: 
increase in growth was the result of any single treatment given during the 
experiment. The most likely cause of this increase was the uniform 
application of a nutritionally-balanced diet supplied to all of the fish 
simultaneously, at a rate well beyond satiation. Fish harvested from a natura\ 
environment were probably under fed prior to the start of the experiment, 
and responded with a burst of growth to match the added nutrition. This 
nutritional deficit would have been recouped at approximately the same time 
by all the fish in the experiment. The change (decrease) in slope of the growth 
CUrves for all three treatments at week 4 were probably a result of the fish 
recovering to a condition of adequate basal nutrition. 
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Differences in the magnitude of growth between the treatments were also 
observed. These were probably the result of the different treatments 
themselves. The upwelling tanks increased more rapidly than the other two 
treatments, and had reached a point of growth where the change in the slope 
of the growth curve was demonstrating positive and negative fluctuations. 
These fluctuations occurred around a stable rate of increase (equilibrium) that 
probably indicated a growth rate maximization had been reached for that 
treatment environment. In the case of the upwelling tanks this equilibrium 
occurred at week 5 when the growth curve exhibited a downturn. The 
subsequent fluctuations between positive and negative changes in the growth 
curve support this conclusion. The standard circular tangential-flow tanks 
probably reached their maximum rate of growth at week 9 when changes in 
the slope of the growth curve began fluctuating. By the end of the 
experimental period the slope of the growth curve for the upwelling tanks 
(10.9) and the standard circular tangential-flow tanks (10.2) was very similar. 
The maximum rate of growth possible for the net cages was not achieved 
." 
during the experiment period. This was evidenced by the gradual, but always 
positive, changes in the slope of the growth curve. If the slope of the growth 
curve for the net cages had been projected to a point where it would have 
achieved the same slope as the upwelling tanks and the standard circular 
tangential-flow tanks, it would have required another 6-10 weeks to reach 
that level. 
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Behavioral differences between the treatments may have played a role in 
the fish reaching the maximum growth rate possible. The fish in the 
upwelling tanks had to move very little to encounter food that was being 
constantly circulated by the strong upwelling currents. They had only to 
remain stationary in a feeding station to receive a constant stream of pellets. 
Moreover, the movement of the food pellets seemed to match a feeding 
preference for the juvenile Florida pompano during their 2Og-100g stage. 
Confirmation of this observation was noted in juvenile Florida pompano of 
this size grown in the standard circular tangential-flow tanks. Food pellets 
that fell to the tank bottom and laid motionless were seldom eaten, or were 
eaten less often than pellets that were moving. Visual confirmation of this 
observation was not possible in the net cages due to water clarity, but it is 
likely that a similar response occurred. 
The preference to receive floating or moving pellets facilitated a "between 
feedings" increase in food consumption by the fish in upwelling tanks. They 
., ~ 
not only had to move less to obtain food, but received it over a longer period 
of application. In contrast, the fish in the standard, circular, tangential-flow 
tanks either ignored or did not recognize the uneaten food pellets on the 
bottom of the tank. This severely limited the amount of food that they would 
eat between feedings during the first five weeks of the experiment. The 
feeding response diminished over time, so that by week 5 of the experiment 
120 
most of the fish in the standard, circular, tangential-flow tanks would seek 
out pellets on the bottom of the tank whenever they wished to feed. A 
similar shift in behavior appeared to take place in the net cages at 
approximately the same time. Unfortunately, the availability of pellets for 
continued feeding on the trays at the bottom of the net cages could not be 
easily assessed. There was undoubtedly a loss of pellets through the plastic 
mesh of the net cages due to currents. There was also some pilferage of food 
off the feeding trays by small indigenous fish. The loss of food by these causes 
could not be determined, but was probably significant. The incidental 
predation on mollusks and small fishes that passed into the cages and were 
eaten by the juvenile Florida pompano could not be estimated. Minor 
predation likely occurred, but this incidental food source probably contributed 
little toward increasing the slope of the growth curve. 
Changes in swimming behavior between week 3 and week 6 may have 
contributed to better growth in the standard circular tangential-flow tanks 
during and after this time. As the tight schooling behavior diminished, the 
.. ' 
rapid, constant swimming behavior also appeared to lessen. Reduction in 
this behavior would have reduced the metabolic demand for calories, and it 
may have helped to improve the growth curve. Coupled with increased 
feeding between food applications, an enhanced growth rate would probably 
result. The swimming behaviors exhibited by fish in the upwelling tanks 
may have contributed to a negative impact on their growth curve. Instead of 
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remaining stationary, as they did during the first weeks of the experiment, 
and allowing the food pellets to be carried to them, the fish in the upwelling 
tanks began a constant vertical migration in the tank for no apparent purpose. 
As observed, the fish appeared to nose into the side of the tank and rapidly 
swim from the top to the bottom of the tank over and over again, as if 
attempting to capture prey or to escape a predator. This behavior continued 
day and night once the fish had reached approximately lOOg in size. A 
similar, although more subdued response, was also seen in fish in the net 
cages after they had reached lOOg in size. Because the upwelling tanks and the 
net cages had an identical volume and identical dimensions, the more 
energetic swimming behavior may have been in response to the spatial 
reduction in tank size. The decreasing volume/fish tank size as the fish grew 
larger may have triggered a response to migrate in these pelagic fish. The 
large height-ta-width ratio of the volume of the upwelling tanks and the net 
cages may have also contributed to the confining nature of the tank, which in 
turn elicited the frantic vertical migrations. If the change in the swimming 
behaviors negatively impacted the growth curve (which was like~), an 
0" 
increase in the upwelling tank volume may further improve the growth rate. 
Examination of the growth curves for all treatments indicate that the 
standard, circular, tangential-flow tanks and the upwelling tanks generated 
greater growth for the physical and logistical conditions specified in the 
experiment. The use of either tank system would help to maximize growth 
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for juvenile Florida pompano. The most obvious advantage of a tank system 
is the minimization of food loss. Food that was not eaten during prior 
feedings remained available between feedings. This proved to be biologically 
and economically efficient. There is also an advantage in the tank system's 
ability to limit direct exposure to environmental stimuli. Being able to 
control the water quality and physical conditions reduced external stress. A 
beneficial result of a tank culture system would also occur when a system 
operator could more easily observe, and then respond to changing demands 
of the fish held in that culture environment. 
- ,.. 
Because of a general inability to control the culture environment, the use 
of net cages in this particular setting is not supported. The factors of 
uncontrolled food loss, unpredictable currents, and the interaction of small 
indigenous fish competing for the food within the cage, potentially affected 
growth. There is also the additional stress factor of having the fish exposed to 
the natural environment. 
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4.6. Summary 
An upwelling tank environment produced significantly greater growth for 
juvenile Florida pompano during the first seven weeks in culture (69.0±2.8g) 
than did either a standard circular tangential-flow tank environment 
(S7.7±1.5g) or a net cage environment (51.8±2.1g) (Two-way ANOVA/SNK, 
P<O.OS). At week 7 the upwelling tank environment and the standard 
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circular tangential-flow tank environment displayed statistically similar 
weights due to increasing individual growth variability, although the final 
average weight of the fish in the upwelling tank environment remained 
greater (160.3±6.3g) than the final average weight of the fish in the standard 
circular tangential-flow tank environment (152.1±11.7g) (Two-way 
ANOVA/SNK, P<O.05). The net cage environment exhibited significantly 
less growth than the. upwelling tank environment at week 1 of the culture 
period, and significantly less growth than the standard circular tangential-
flow tank environment at week 3 (Two-way ANOV A/SNI<, P<O.05). The net 
cage environment achieved significantly less growth from this time until the 
end of the 13 week culture period. 
The slope of the growth curve for the juvenile Florida pompano tested in 
each of the three treatments displayed a similar sharp increase during the first 
four weeks of culture. This rapid increase in weight was probably due to a 
rapid recovery of body weight and conditioning that came in response to an 
adequate levels of food in captiVity. The fact that all tr~atments for this 
.. ' 
experiment, and both treatments in experiment #3, showed similar weight 
gains during the experimental period, support this conclusion. Changes in 
the slope of the growth curve indicate that the primary difference in 
treatments may have been when the maximum rate of growth was achieved 
for a certain treatment. The maximum rate of growth (equilibrium) in the 
upwelling system had been achieved by week 4, as was indicated by the 
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positive and negative fluctuations in the change of the slope for the growth 
curve after that time. Fish in the standard circular tangential-flow tanks had 
apparently achieved their maximum rate of growth by week 9.The maximum 
rate of growth for the juvenile Florida pompano in the upwelling tanks had 
not been acquired by the end of the experimental period, and would have 
probably required another 6-10 weeks to reach equilibrium. 
Behavioral differences in swimming and feeding were observed for both 
tank treatments. An initial reluctance by the fish in the standard circular 
tangential-flow tanks to feed on motionless pellets in the bottom of the tank 
between feedings may have inhibited their growth during the first half of the 
experiment. This reluctance was reduced to zero during the course of the 
experimental period. In the upwelling tanks the fish fed enthusiastically at 
all times, but increased their swimming vigor from a very low level at the 
start of the experiment, to an almost continuous vertical swimming 
migration during the 13 week experiment. The cause of their constant, 
vigorous swimming was unknown, but may have been related to a fish size/ 
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tank volume diminution as the fish grew beyond a lOOg size. Fish grown in 
the net cage environment also developed this behavior at a similar size. Feed 
availability between food applications was probably reduced by food loss from 
the cage, and by small indigenous fish within the cages. Net cages of the type 
used in the experiment are not indicated for the growout of juvenile Florida 
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pompano. Areas that have strong tidal exchange, and strong currents are 
probably unsuitable for efficient net cage growout. 
126 
CHAPTER 5: EXPERIMENT #3 - EXPERIMENTAL DIET 
5.1. Introduction 
Food and feeding is the largest operational expense for most commercial 
aquaculture facilities. The selection of a diet that can produce adequate to 
optimal growth is critically important (Weatherly and Gill, 1987). Diet 
selection is usually based on cost and availability. The cheapest food that is 
readily available, and still produces growth, is the one typically chosen 
(Weatherly and Gill, 1987). At times this strategy is successful. This is 
particularly true for standard culture species with well documented dietary 
requirements. Some freshwater fish like trout, salmon, and carp have a long 
history of domestic culture (Cowie et a!., 1985). Established feed producers 
have already experimented and developed special diets for each stage in the 
life cycle of these fish. 
Most marine fish, especially those in tropical environments, have had 
relatively few (if any) feeds formulated specifically for their dietary needs. 
This means most marine fish growers have to utilize substitute diets 
Originally formulated for other fish. This approach has worked surprisingly 
Well for some marine species, but has been a complete failure for others. 
FlOrida pompano have been histOrically reared on a wide variety of diets, yet 
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have produced their best growth when fed a standard 40% protein, pelletized 
trout chow (Moe et aI., 1968; Tatum, 1972; Marcello and Strawn, 1972). 
Palometa have demonstrated better growth by use of a 50% protein diet 
(Soletchnik et aI., 1987; Thouard et aI., 1990). It was not determined if the 
improved growth was a function of the higher percentage of protein (50%) in 
the diet, or if it was caused by better utilization of the feed and a genetically 
higher natural growth rate in palometa (Trachinotu5 goodei). 
5.1.1. Consumption Factors 
To be consistently and aggressively consumed the food must meet the 
acceptance preferences of the fish in culture. Size, shape, and color are 
important determinants for the consumption of artificial diets (Person-Le 
Ruyet et aI., 1982). Many fish will not accept food items that are larger than a 
specific size. That size is usually calculated as a percentage of the mouth gape. 
Certain colors and shapes of artificial diets will also be rejected. This rejection 
occurs most frequently in fish that have been captured from the wild, or have 
been previously acclimated to a diet different in shape or color from the one 
being offered. 
The texture and flavor of the diet may play the largest role in palatability. 
A diet having an optimum formulation for growth can be rejected by poor 
flavor. This problem was most recently encountered in the catfish industry 
when lower cost plant proteins (soybean and canola) were used to replace fish 
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meal used in a pelletized diet (Li and Robinson, 1995). A change in equatorial 
Pacific currents caused a change in the ocean surface temperatures, and this 
precipitated a collapse in the anchovy fishery. Prices for any available 
anchovy meal escalated well above historic norms. The logical substitution 
of soybean and canola meal for fish meal in the pelletized diet proved to be 
unpalatable to catfish at all but the lowest levels (Davis et a!., 1995). 
Subsequent diet formulations and experimentation indicated that a blend of 
fish and vegetal proteins were more acceptable (Davis et aI., 1995). Juvenile 
redfish (Sciaenops oce/latus) have undergone experimental trials with a diet 
containing a blend of soybean and fish meal. This combination was found to 
be more palatable if flavor enhancers were incorporated into the diet (Davis et 
a!., 1995). The use of commercial feeds with high levels of fish meal will not 
produce optimum growth if the feed is not readily accepted. Flavor enhancers 
like shrimp head meal may gain that acceptance. The texture of a pelletized 
diet also influences its acceptance by fish in culture (Person-Le Ruyet, 1982). If 
the pellet is too hard, it may be rejected as inedible. Some fish, like Florida 
pompano, seem to prefer a hard pellet that mimics the hard shell of a 
mollusk or crustacean. A pelletized diet that crumbles too easily can be lost 
before ingestion or during the "mouthing process". This would add 
unnecessarily to the organic load in the water, and would potentially raise the 
BOD to unacceptable levels. 
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There IS a behavioral component to food consumption. Feeding 
competition can work in both a positive and negative fashion. The "feeding 
frenzy" often observed during feeding can cause energy-wasting exertion in 
an effort to obtain food. Conversely, it may stimulate reluctant or newly 
acquired fish to initiate feeding (Rossberg, 1980b). Feeding inhibition can also 
be caused by the larger, more aggressive fish in a culture population 
(Kinghorn,1983). Many of these problems can be resolved by a modification 
of the feeding regime. Feeding improvement may also be gained by a change 
in way the food is supplied to the tanks, or by a change in the stocking density 
within the tank. Scheduled feed applications will normally entrain feeding 
behaviors (Spieler, 1992). Ideally, this entrainment could be matched to 
optimize metabolic utilization by the culture fish (Spieler, 1990). 
5.1.2. Digestion Factors 
Once the food has been ingested by the fish, the process of digestion makes 
the nutrients available for metabolic utilization. The composition of the diet 
(formulation), and the ease of breakdown and absorption in th~ gut 
.,. 
(digestibility) are critical components of nutrition. The capacity of a fish's gut, 
and the length of the digestive system are also important factors in 
determining how much, and how long ingested food can be retained for 
digestion. Food formulations generally follow a pattern of 30-40% protein, 
10-15% fat, 1-10% carbohydrate (usually as indigestible cellulose fiber), and 5-
20% ash. The remaining percentages of mass are primarily comprised of 
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moisture (water) and mineral and vitamin additions. Moisture amounts can 
fluctuate within feed formulations, and often change in the storage 
environment. Typical amounts of moisture contained in feed are usually 
between 20-30% depending on the texture and consistency of the pellet. The 
digestibility of the food within the gut is often a result of the type of 
ingredients used in the formulation. An example would be a certain protein 
(soy, canoIa, fish meal) acting as a compliment to accelerate the absorption of 
a lipfti «MKce in the food formulation into the bloodstream. Such a pairing 
may slow or accelerate the passage of food through the gut. Williams (1985) 
concluded that an interaction between com meal, and fish meal in a diet 
developed for juvenile Florida pompano, increased protein digestion by 
increasing the transit time through the digestive system. The overall length 
of the digestive system in fish is indicative of the type of foods normally 
ingested. A long, convoluted digestive system that would maximize food 
passage of a nutrient-poor diet would be characteristic of herbivores; whereas 
a short, relatively straight digestive system would be characteristic of 
piscivores, and would require less time to extract essential nutrition. Diets 
;,'t 
developed between these two extremes should reflect a composition that 
takes into account the digestibility coefficient of each ingredient in the diet 
formulation. They should also approXimate the composition of the natural 
diet, and then capitalize on the physiology and feeding behaviors of the 
ctilture species, to produce maximum growth (Spieler, 1990). 
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5.1.3. Metabolic Utilization of Feed 
The way nutrients are utilized after digestion, and how they are 
assimilated by a fish, are important components in overall nutrition. Unique 
partitioning of energy resources by each species of fish will determine how 
much of the food will go to basal metabolism, to increase muscle mass, or to 
iIlcrea.se fat storage (Noeske-Hallin et aI., 1985). Fish that are active, 
continuous swimmers may shunt more acquired energy to basal metabolism 
than a relatively inactive, sedentary fish. Food formulations in such 
inStances may be developed to address those higher energy needs in the form 
of more easily metabolized and catabolized compounds i.e. carbOhydrates and 
fat. Such a diet may serve an "energy sparing" function that allows better 
utilization of muscle building proteins to produce growth. 
Another factor intertwined in the metabolic utilization of feed is the diel 
feeding pattern (Spieler, 1977). Studies have shown that metabolic processing 
of food follows regular diel tendencies Matching the daily natural feeding 
pattern exhibited by fish will often produce better growth (Spieler, 1990). 
Discovering and matching those patterns through observation and 
experimentation may provide greater growth at little or no additional cost 
(Spieler, 1990). Improvement of growth and food conversion frequently 
matches peak times of hormonal and enzymatic activity (Spieler and Noeske, 
1981; Reddy and Leatherland, 1994). A simple modification of feeding times 
may be sufficient to promote better growth (Spieler, 1990). Behaviors related 
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to social interaction, light and dark cycles, and exposure to external stimuli 
(stress) are also integrally linked to metabolism (Spieler and Noeske, 1984). 
The direct manipulation of these factors may aid in producing maximum 
growth. 
5.1.4. Nutritional Factors Relevant to Florida Pompano 
~·identification of anatomical and behavior characteristics specific to 
Florida pompano nutrition are essential in the formulation of a research 
plan. All known parameters should be systematically reviewed, then tested, 
to see if improvement in growth and food conversion can be achieved. 
laaemental gains from this type of plan may provide enough incentive to 
resolve many of the growth and food conversion issues that have plagued 
Florida pompano aquaculture in the past (Jory et aI., 1985). 
5.1.4.1. Gut Capacity 
In a series of experiments that confirmed Florida pompano grew better on 
a pelletized diet, a direct linear relationship was found between length (FLY' 
and stomach capacity (Moe et aI., 1968). Fish that were 100 mm or less in 
length could consume up to 8% of their body weight per feeding, but averaged 
5% per feeding during this time. As the fish grew this amount decreased. 
Minimum percentage feedings would likely meet this level during that time. 
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5.1.4.2. Food Transit Time 
The length of time food spends in the digestive tract influences how long it 
is available for absorption by the body. In Florida pompano, the transit time 
through the gut is a relatively short three hours (Williams et ai., 1985). 
Passage time could be affected by a number of factors including: food 
composition, temperature, and the time interval between feedings. The low 
digestibility coefficient of menhaden oil was attributed to the shoet transit 
time through the gut (Williams et aI., 1985). 
5.1.4.3. Acceptance of a Pelletized Diet 
Researchers and culturists whom have grown juvenile Florida pompano 
in captivity can attest to their willingness to accept a pelletized diet. There are 
instances where this receptiveness is compromised. When fish are sick, their 
feeding slows or stops altogether. The age of a stored food can sometimes 
affect its palatability and appeal. Temperature and salinity fluctuations can 
interrupt feeding. Floating and sinking diets will often be accepted with 
different degrees of vigor. There may also be a type of brand preference noted> 
between the feedstuffs of different companies. Such preferences may effect 
feeding desire. 
Matu.l'e pompano captured from the wild seldom convert completely to a 
pelletized diet. Those that do convert, typically do so reluctantly and may 
never feed with the same vigor as fish born into a captive environment. The 
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problems incurred with feeding a natural diet have been previously 
addressed, bu t they include the almost certain introduction of disease. This 
problem is not usually encountered with processed pellets. 
5.1.4.4. Diet Formulation 
Aside from the studies that have comparatively evaluated a ground fish 
diet against a commercially available pelletized diet, very few nutritional 
studies have been conducted on Florida pompano. What has emerged is an 
indication that pelletized diets which contain higher levels of protein seem to 
produce better growth in juvenile Florida pompano (Lazo et aI., 1999). This 
statement should be qualified by adding that fish must be cultured in a 
disease-free environment, and at relatively low stocking densities to be fairly 
evaluated. 
In the most complete nutritional study conducted on Florida pompano to 
date, a specific percentage of menhaden oil was added to a lipid-extracted diet 
(Williams et ai., 1985). Fish oil was added at a rate of 0%, 4%, 8%, and 12% to 
;,-.. 
a pelletized diet that had been previously lipid-extracted. The fish receiving 
the 0% lipid grew slower and displayed opercular and gill abnormalities. 
Those receiving 4% and 8% lipid additions grew best. The fish that received 
the 12% oil addition grew slower than the 4% and 8% addition because the 
desire to feed was suppressed by excess caloric intake. The overall digestion 
coefficients for the fish meal and soybean proteins used in the diet 
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formulation were judged to be relatively high, and were comparable to values 
for catfish and tilapia. 
Based on the evidence that palometa exhibit better growth when fed a 
pelletized diet containing 50% protein (Soletchnik et aI., 1987; Thouard et aI., 
1990), and a finding that experimentally cultured redfish produce better 
growth when fed an experimental diet containing 54% protein (personal 
communication, Jon Tucker); there is a good probability that Florida 
pompano will demonstrate similar improvements in growth. The 
experimental diet containing 54% protein was compared with the best 
pelletized diet commercially available for Florida pompano, a trout chow 
containing 43% protein. All other factors (ingredients and supplements) 
would be virtually identical between formulations. 
5.1.5. Hypothesis Experiment #3 
An experimental pelletized practical diet containing 54% protein will 
produce significantly different growth (g) in juvenile Florida pompano, .. as 
." 
compared to a pelletized commercial trout chow containing 43% protein. 
S.2. Methods 
5.2.1. Specimen Collection 
The juvenile Florida pompano utilized in this experiment were collected 
at Crescent Beach, Florida on August 1, 1996 (simultaneously with those 
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col!e~ted for Experiment #2). They were transported back to Nova 
Southeastern University's Oceanographic Center in Dania, Florida that same 
morning. Transport was made back to the Oceanographic Center in two 160 L 
circular tanks that were well-aerated by use of a 12-Volt compact piston air 
pump (model DCl, Aquatic Eco-Systems, Inc.). A small amount of M5-222 
(0.2 g) was added to each tank to induce minimal anesthetization during the 
5.5 hour transport. No mortality occurred during transport. 
All of the juvenile fish were placed into a 100% freshwater bath containing 
15 mg/L formalin (47%) for approximately 15 minutes immediately upon 
arrival at the Oceanographic Center. This bath was administered to remove 
potential pathogens and parasites on the fish. During the therapeutic bath the 
fish were monitored for signs of stress or anoxia. Six (6) air diffusers were 
introduced into the tank during the bath to prevent anoxic conditions, and to 
dislodge topical paraSites. Homogeneously sized fish were randomly selected 
for distribution to the culture tanks. 
;,"1. 
5.2.2. Culture System 
The water filtration and treatment process used in this experiment was 
identical to process used in Experiment #2. Filtered, sterilized seawater was 
delivered to each tank in the experiment at a rate of 20 L/minute. The flow 
rate to each tank could be manually adjusted with a 1.88 em PVC ball valve. 
A capped 1.25 em PVC pipe was extended from the ball valve along the 
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vertical side of each tank. 5ix (6) 0.63 cm holes were drilled in the pipe to 
produce strong under water currents. The currents were directed at a tangent 
to the side of the tank. Resulting currents effectively swept feces and uneaten 
food toward a central standpipe. 
The eight fiberglass tanks used in the experiment were identical 1,776 L 
circular tanks. Each tank was 1.8 m in diameter, and had a bottom that sloped 
to a central standpipe. Maximum depth in the tanks was maintained at 80 
em. Additional aeration in each tank was supplied by two (2.0 em x 2.5 cm) air 
diffusers connected to 4 mm diameter clear vinyl tubing. Aeration was 
provided by a 1/3 hp regenerative blower (Sweetwater - 521). As the fish were 
being weighed and measured, the tanks were scrubbed with Bacdown<& 
(Aquatic Eco-Systems), an antibacterial disinfectant, and then hosed-down 
with chlorinated freshwater. 
5.2.3. Experimental Food Formulation 
The experimental diet formulation used in this experiment was developed 
by Dr. Jon Tucker at Harbor Branch Oceanographic Institute, Ft. Pierce, 
Florida. It has been successfully used to grow cultured red drum. The growth 
and food conversion rates achieved with that application were excellent. The 
diet was manufactured by Ziegler Bros., Inc., Gardners, P A. 
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A comparison of the component formula for the experimental diet and the 
control diet (Purina trout chow) is provided (Table 4). The primary difference 
in the two formulations is an 11% increase in the amount of protein in the 
experimental diet. The 4% difference in fiber content is inconsequential 
because the cold processing of the pellets does not convert significant 
amounts of indigestible cellulose to digestible carbohydrate. The moisture 
content of both diets were similar. Both feeds were stored in a cool, dark 
environment prior to use. The feeds were stored no longer than 60 days after 
manufacture. 
Shape and size (1-3 mm) of the sinking pellets were virtually identical. 
The experimental diet was a slightly darker color of brown than the control 
diet. There was also a slight difference in texture between the experimental 
diet and the control diet. The experimental diet contained more "fines" than 
the control diet. However, fines in both diets were removed by sieving over a 
wire screen before weighing and distribution to the tanks. 
5.2.4. Water Quality 
The water quality parameters measured in this experiment were identical 
to those measured in experiment #2. 00, temperature, salinity, pH, and 
ammonia were measured weekly approximately two hours prior to sampling, 
and then approximately one hour after feeding. Any changes in water quality 
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Experimental Diet Control Diet Purina'" (Trout Chow®) 
Protein . . . . . . . 54.1 % Protein . . .... 43.0% 
Fat. . .... ..... 11.3% Fat. ......... 12.0% 
Fiber . ... . . . . .. 1.0% Fiber . .. ...... 5.0% 
Ash .. . . . ... .. 10.4% Ash . ... ..... 11.5% 
General Ingredients Utilized in Both Diets; .Fish meal, soybean meal, corn 
gluten meal, fish oil, poultry meat meal, blood meal, wheat middlings, 
salt, pyridoxine hydrochloride, choline chloride, menadione dimethyl-
primidinol bisulfate (source of vitamen K), di-alpha tocopheryl acetate 
(source of vitamen E), ascorbic acid (vitamen C), calcium pantothenate, 
DL-methionine, biotin, nicotinic acid, riboflavin, thiamine mononitrate, 
cholecalciferol, ethoxyquin, vitamin A acetate, calcium propionate, 
cyanocobalamin (source of vitamen B-12), folic acid, calcium carbonate, 
coppersulfate, manganous oxide, ferrous carbonate, calcium iodate, 
cobalt carbonate, zinc sulfate, zinc oxide. 
" The remaining portion of weight unaccounted for in each formulation 
is water, aka moisture. This fraction is approximately 25% of the total 
mass in each formulation, and is reqUired to bind the pellets toge~her . 
. , ~. 
Table 4: Comparison of two diet formulations fed to juvenile Florida 
pompano. The experimental diet treatment contained approximately 
11 % more protein than a standard trout chow. All other ingredients 
were supplied in similar proportions (weight per volume). 
The experimental diet formulation was developed by Dr. Jon Tucker, 
Harbor Branch Oceanographic Institute, Ft. Pierce, Florida. It was 
manufactured by Ziegler Bros., Inc., Gardners, Pennsylvania. 
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would be most apparent at that time. The instrumentation used to measure 
water quality in this experiment was identical to that used in experiment #2. 
5.2.5. Experiment Design 
From a pooled sample of 146 juvenile Florida pompano, 96 were randomly 
selected for participation in the experiment. Eight (8) tanks received twelve 
(N=12) fish each. Four of the tanks were designated experimental, and the 
other four were designated controls. The designation of experimental or 
control was based solely on the spatial distribution. This was alternated to 
ensure all tanks within each designation received similar environmental 
exposure (Figure 14). The average initial mass of the fish in the experimental 
tanks was 19.3±O.4 g, and the average initial mass of the fish in the control 
tanks was 19.6±O.7 g. 
The fish in the experimental or control groups were fed their respective 
diets at a rate of 10%/body weight I day ration. An updated ration was 
calculated after each sampling period to maintain the food application within 
.,. 
stated parameters. Visual assessment was used to determine the relative 
amount of feed left over after the fish had reached satiation. The uneaten 
portion of food was not siphoned, dried, or weighed, but was left in the tank 
until the next feeding. This residual food portion was considered part of the 
daily ration and was left available for feeding. 
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experiment, 
therapeutic bath. 
Tank #3 
Control Diet 
Trout Chow 
N=12 
Tank #2 
Experimental 
Diet 
N=12 
Tank #1 
Control Diet 
Trout Chow 
N=12 
Tank #4 
EXI!erimental 
Diet 
N=12 
Tank #9 
Experimental 
Diet 
N=12 
Tank #8 
Control Diet 
Trout Chow 
N=12 
Tank #7 
Experimental 
Diet 
N=12 
Tank #5 
Control Diet 
TroytChow 
N=12 
'.'l-
Figure 14: The alternating arrangement of tanks and treatments ensured 
environmental influences (sunlight, wind, precipitation) were 
uniformly experienced between groups. 
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Sampling was conducted approximately once a week for 8 weeks (58 days). At 
that time the fish were weighed (g) and measured (mm) (Fl). Before 
weighing and measuring, the fish received a seven minute freshwater 1 
formalin bath to remove any ectopic parasites. 
5.3. Data Analysis 
The compiled data were analyzed with the statistics program Statistica<l 
(StatSoft, Tulsa, OK). Mean weight, and weight changes between the two 
treatments, were analyzed by a one-way analysis of variance (ANOV A). 
Statistically significant differences (P<O.05) were used to determine when 
significant growth had occurred, and when significantly different growth had 
occurred between treatments. 
A two-way ANOV A was used to make intra-treatment comparisons 
between replicates. Significant differences were compared over the 
experimental period to determine if a "tank effect" was present between tanks 
of a given treatment. Repeated measures analysis was also conducted to 
confirm that the observed growth was Significant (P<O.05) over time. 
Changes in the slope of the growth curves (W x - W .1 !1 T) were calculated 
and compared between treatments. Differences in the rate of growth were 
estimated by their magnitude (%). Weekly changes in the slope of the growth 
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curves (,.,Slope) were computed to assess when (which weeks) the most 
radical changes in the growth curves occurred. 
5.4. Results and Discussion 
5.4.1. Determination of Growth 
The measurements of weight (g) and length (mm) were conducted each 
week for eight weeks. While there was a general correlation between weight 
and length, weight was the principle determinate used in the assessment of 
growth. 
5.4.2. Experimental Diet 
The initial weight of the juvenile Florida pompano fed the experimental 
diet (19.3±O.41g) did not differ from those in the control diet group fed trout 
chow (19.6iD.68g) (One-way ANOV A, P=O.079) (Table 5). Both treatments 
displayed significantly similar growth during weeks 1 and 2 (One-way 
ANOYA, 1'>0.05). The fish receiving the experimental diet treatment first 
exhibited significantly greater growth at week 3 (40.o±1.3g), over :those 
receiving the control diet treatment (36.2±1.7g) (One-way ANOY A, P=0.033) 
(Table 5). Significantly greater growth was expressed in the experimental diet 
treatment during the remaining five weeks of the experimental period as 
compared to those in the control diet group (One-way ANOVA, P<0.05). At 
the end of the experimental period the fish fed the experimental diet had 
gained significantly more weight (100.8±3.8g), than the fish fed the control 
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Experimental Trout Chow Diet 
P-Value 
Week Mean Fish Weight Mean Fish Weight 
(gms/fish) (gms/fish) 
Initial 19.3 ± 0.0 19.6 ± 0.0 0.0791 
1 22.9 ± 0.0 23.6 ±O.O 0.6849 
2 30.6 ± 0.0 29.6 ±O.O 0.1028 
3 40.0 ± 0.0 35.7 ± 0.0 0.0332" 
4 54.3 ± 0.0 46.1 ± 0.0 0.0131" 
5 65.5 ± 0.0 55.2 ± O.O 0.0035" 
6 77.0 ± 0.0 63.9 ± O.O 0.0096" 
7 86.9 ± 0.0 76.1 ± 0.0 0.0154" 
8 107.1 ± 0.0 .88.1 ± 0.0 0.0486" 
Table 5: Comparison of mean weights (±SEM) of juvenile Florida 
pompano fed an experimental diet or trout chow. Fish were fed 10% 
body weight twice daily in two equal rations. Weeks with significantly 
different weights (One-way ANOY A, P<0.05) display an asterisk. 
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diet of trout chow (83.9±2.8g) (One-way ANOV A, P=0.049). After 58 days in 
culture the fish in the experimental diet group recorded an average net 
weight gain of 81.5±3.4g. This average daily weight gain was accrued at a rate 
of 1.38±O.lg/day. By the end of the experiment, greater weight gain was 
observed in the experimental diet treatment than in the replicates receiving 
the trout chow diet (Figure 15). 
5.4.2.1. Experimental Diet Rate of Growth 
The rate of growth again determined by computing the slope of the growth 
curve (slope = W,-W,/6.T). The slope of the growth curve for each treatment 
was then plotted, and differences were noted: Differences were compared by 
their magnitude in relation to the other growth curve. This provided a 
general estimate of how great, or less great a particular treatment performed 
in relation to the other treatment. Additional comparison was made when 
the change in the rate of growth was calculated (slope .. cslope,) from week to 
week as a positive or negative change in slope (6.Slope). This comparison 
indicated quantitatively whether the change in growth was continuing;" to 
increase, or had declined for that week. 
The slope of the growth curve (rate of ' growth) was highest for the fish 
receiving the experimental diet treatment. The rate of growth was slightly 
lower (3.6) for the experimental treatment than it was for the control 
treatment (4.0) after one week in culture, but this had changed by week 2 so 
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Figure 15: Mean weight gain (±5EM) of juvenile Florida pompano fed an 
experimental diet and a control diet (Purina Trout Chow). The fish 
that were fed the experimental diet demonstrated significantly greater 
growth (P=O.033) at week 3, and for the rest of the experimental period 
(P<O.OS) one-way ANOV A. The daily growth rate in the experimental 
group averaged 1.4g1 day compared to an average daily growth rate of 
l.lgl day in the control group. 
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thai the experimental treatment was experiencing a greater rate of growth 
(5.7) than were the fish in the control group (5.0). The rate of growth 
continued to increase in the experimental diet treatment during weeks 3-8 
(6.9, 8.8, 9.2, 9.6, 9.7, and 10.2). A negative change in the slope of the growth 
.curve was not detected at any time during the experimental period, and the 
rate of growth did not appear to plateau for any appreciable length of time 
during the experiment (Figure 16). 
There was no detectable tank effect between tanks receiving the same 
treatment. All of the fish within the treatment exhibited significant growth. 
(ANOV A/SNK, P>O.OS) 
There were no noticeable behavioral differences between juvenile Florida 
pompano of either treatment grown in the standard, circular, tangential-flow 
tanks. There was however, a distinct similarity of response by the fish in 
this experiment to those grown in the standard, circular, tangential-flow 
tanks of experiment #2. The swimming and schooling behaviors of< both 
treatments tested during this experiment changed equally over the course of 
the experiment. When the juvenile pompano were first transferred to the 
standard circular tangential-flow tanks they exhibited a tight schooling 
formation that rapidly (and repeatedly) followed the interior perimeter of the 
tank. Fish in the tight school would refuse to leave formation except to feed. 
The smaller fish were often observed swimming frantically to keep up with 
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Figure 16: Change in the slope of the growth curve (W,-Wo /6n for each 
treatment help illustrate when positive and negative fluctuations in 
the growth curve occur. A possible growth rate equilibrium may have 
been achieved in the control diet at week 8, while the experimental diet 
was still exhibiting an increased rate of growth at the end of the 
experimental period. 
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the school. Over time this behavior changed to include slower, more 
individualistic swimming behaviors. After week 6 the fish did not appear to 
be confined to the strict schooling behavior, and most fish could be observed 
swimming in the opposite direction to the school some of the time. 
There was also a change in feeding behavior over time. During the first 
two weeks of the experiment there was an unwillingness by the fish to feed 
on pellets that sank to the bottom of the tank. Over the next 3-5 weeks the 
fish began to slowly accept pellets laying on the bottom of the tank between 
feedings. By the end of the experimental period the fish would readily accept 
pellets laying on the bottom of the tank. 
5.4.3. Trout Chow (Controll 
After starting with an initial average weight that was slightly higher, but 
statistically similar to that of the experimental treatment (P>0.05), the control 
diet treatment of trout chow exhibited significantly less growth after week 3 
(P=0.033). This difference persisted throughout the remainder of the 
;:t-
experiment at week 4 (p=0.013), week 5 (P=O.OO4), week 6 (P=O.OlO), week 7 
(P=O.015), and weighed significantly less .than the experimental diet ~ 
experiments end at week 8 (P=0.049) (Table 5). It was apparent by the end of 
the experiment that variability in the individual growth rates of the fish were 
eroding Significant differences between the two growth curves (Figure 15). 
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The group receiving the control diet (Purina Trout Chow), exhibited an 
average weight of 83.9±2.8g/fish at week 8. The resulting net weight gain of 
64.3±2.2g/fish was accrued over the course of the 58 day experiment at an 
average daily rate of 1.09±O.lg/day. 
Repeated measures analysis of the tanks within this treatment confirmed 
that significant growth had occurred over the course of the experimental 
period (ANOVA, P<O.05). 
li.4.3.1. Trout Chow Rate of Growth 
The rate of growth as expressed by the slope of the growth curve was less in 
the tanks receiving the control diet. Despite having a slightly greater rate of 
increase after week 1, the control treatment's rate of growth increased less 
rapidly than that of the experimental treatment. During weeks 2-8 the rate of 
increase for the growth curve of the fish receiving the control treatment was 
(5.0, 5.5, 6.6, 7.1, 7.4, 8.1, and 8.1). The last two weeks changes were identical, 
possibly indicating that a plateau in the growth curve similar to those 
;,'l. 
observed in experiment #2 was being initiated. Although the change in the 
slope of the growth curve had not shifted into a negative rate of growth at 
this time, it is evident that the slightest further diminution in the slope of the 
growth curve would create a loss in the rate of growth. This would probably 
signal the start of positive and negative fluctuations in the growth curve that 
are indicative of a growth rate equilibrium having been reached (Figure 16). 
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Comparison of replicates within treatment eliminated the possibility of a 
tank effect (ANOVA/SNK. P>O.05). However, no estimate was calculated for 
the natural variability of growth that would be experienced over time in a 
natural population, or how that would compare to juvenile Florida pompano 
cultured in captivity. 
The behavioral aspects of the juvenile Florida pompano fed trout chow 
were identical to those given the experimental diet. There was an initial tight 
schooling behavior that dissipated with time, and the unwillingness to feed 
on the pelleted diet that fell to the bottom of the tank was overcome during 
the course of the. experiment. There were no apparent differences in feeding 
vigor (the desire to accept a diet) between the experimental and control 
treatments. All behaviors that were initiated in the control group, and those 
that became extinct during the experiment coincided with behaviors in the 
experimental fish. 
5.4.4. Mortality and Disease 
The only mortality that was experienced during the experiment occurred 
one night during the last week of the experiment, when one fish managed to 
jump through a gap in the net cover on one of the control tanks (Tank #3) 
and was entangled above the water's surface. The fish died and was recovered 
for necropsy the next morning. This mortality was accounted for statistically 
by adding the mean mass of one fish of the remaining fish to the total mass of 
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that replicate. The overall general health and appearance of the remaining 
fish was excellent over the course of the experiment. 
5.4.5. Water Quality 
Water quality remained good in all tanks during the experiment. 
Dissolved oxygen, temperature, pH, and salinity remained within acceptable, 
non-stress inducing parameters during the experimental period. There was 
little or no difference in water quality between tanks within treatments, or 
bet,,:,een treatments. The high rate of water change precluded any chance for 
ammonia, or solid fecal matter to build up in the tanks. Complete water 
quality data collected during this experiment is recorded in the Appendix C-4. 
5.5. Conclusions 
There was no statistical difference in the starting weights of the juvenile 
Florida pompano fed an experimental diet containing 54% protein (19.3±<J.4g), 
and those fed a control diet of commercial trout chow containing 43% protein 
(19.6±O.7g) (One-way ANQVA, P<O.OS). Within three weeks the ju v~nile 
. ,'t 
Florida pompano being fed the experimental diet exhibited a significantly 
greater average weight (40.0±1.3g), than the fish being fed the control diet of 
trout chow (36.2±O.8g) (One-way ANQV A, P=O.033). During weeks 4-8 the fish 
in the experimental treatment maintained a significantly greater average 
weight than did the fish in control treatment (One-way ANOV A. P<O.OS). At 
the end of the experiment the fish receiving the experimental treatment had 
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achieved a net weight gain of 81.5±3.4g/fish, while the fish receiving the 
control treatment had amassed a net weight gain of 64.3±2.2g/fish. The 
weight of the fish receiving the experimental treatment (100.8±3.8g), was 
significantly greater at the end of the experimental period (58 days) than those 
receiving the control treatment (83.9±2.8g) (One-way ANOV A, P=0.049). 
Given the diminishing trend of significance between the curves, it is likely 
that significant differences between the means would have been lost in the 
next week or two. This does not mean that the differences would have been 
unimportant; quite the contrary. The mean weight difference between the 
two means continued to increase despite a potential loss of statistical 
significance. For example: the mean weight differences between the 
experimental diet as compared to the control diet went from a slight deficit at 
week 1 (-0.3g) and week 2 (-O.7g), to larger differences over the next six weeks 
(1.0, 3.8, 8.2, 10.3, 13.1, 10.8, 16.9). An extrapolation of both trends would 
project a mean weight difference of more than 20 grams between the two 
treatments at week 10, but those differences would be statistically insignifjeant 
due to an increasing variability of weight differences within each treatment. 
Projected over a longer period of time this would mean that a group of 
Florida pompano cultured on the experimental diet could reach a target 
market size of 454g almost 20% faster than those grown on standard trout 
chow, and still remain statistically similar because of the individual growth 
characteristics of the fish. 
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Examination of the slope of the growth curves supports this assertion. The 
iluJ;illl rate of growth in both treatments increased rapidly during the first four 
weeks in culture. This rapid growth probably came in response to having 
adequate amounts of nutritious food supplied beyond satiation, a condition 
that was probably not encountered in the wild. Once body weight and 
c:ondition had returned, the growth rate would progress to its maximum 
limit within treatment parameters. This observation corroborates similar 
observations made during the first four weeks of experiment #2. The 
maximum growth rate may have been achieved in the control group 
receiving the trout chow, as evidenced by the plateau in the rate of growth 
from week 7 to week 8. There was not enough fluctuation in the growth rate 
(negative 65lope) to confirm this premise. The maximum rate of growth in 
the experimental treatment had probably not been reached by the end of the 
experiment, as evidenced by the continued positive increase in the slope of 
the growth curve between week 7 and week 8. If the growth curves had 
t'en11\ined parallel or divergent, there would have been a substantial 
difference in the time it would have taken the fish in the two treatments to 
reach a marketable size. 
The use of a pelletized diet containing a protein content greater than 50% is 
indicated for the feeding of juvenile Florida pompano. Feed acceptance 
appeared to be unaffected as evidenced by a significantly greater overall 
growth, and significantly greater daily weight gain. The higher level of 
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protein in the experimental feed may approximate levels obtained in natural 
dietary items. 
5.6. Summary 
An eight week (58 day) experiment was conducted to assess growth 
differences in captive juvenile Florida pompano fed two different pelletized 
diets. The diets were identical in all aspects, except for protein content. The 
experimental diet formulation contained 54% protein, which was 11% more 
than the conventional trout chow used for the other treatment. Trout chow 
was selected as the control treatment because of its documented good 
performance as a feed for juvenile Florida pompano in prior culture 
experiments (Tatum, 1972). 
The fish used in the experiment were harvested from the beaches near 
Mantanzas inlet, Florida, and were transported to Nova Southeastern 
University's Oceanographic Center in Dania, Florida for immediate 
experimental use. The average size of the fish at the start of the experiI!lent 
was 19.3±o.4g in the experimental group, and 19.6±O.7g in the control group. 
The fish were divided into eight 1,776 L tanks receiving a constant supply of 
filtered, sterilized seawater. Four of eight tanks received twelve (N=12) fish 
per tank and received the experimental diet (four replicates). The other four 
tanks had twelve fish per tank (N=12), and received the diet of trout chow 
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(four replicates). The tanks were spatially staggered to receive an overall 
uniformity of environmental exposure. The water quality parameters of 
dissolved oxygen, temperature, salinity, pH, and ammonia were regularly 
monitored. Sampling was done once a week to record changes in weight 
(grarns), length (mm), and water quality. Each treatment was fed their 
respective sinking, pelletized diet at an identical rate of application (l0%/body 
weight/day). The fish accepted the diet equally well in each treatment over 
the course of the experiment. 
After three weeks in culture a significant difference in weight between the 
two treatments was noted (One-way ANOV A, P=O.033). This significant 
difference was observed for the remaining five weeks of the experiment (One-
way ANOV A, P<O.OS). At experiments end the juvenile Florida pompano fed 
the experimental diet had experienced an average net weight gain of 
81.5±3.4g/fish; accrued at a rate of 1.38±O.lg/day. They finished the 
experiment with significantly greater weight (lOO.8±3.8g), than the fish 
receiving the control diet of trout chow (83.9±2.8g) (One-way ANPVA, 
P=O.049). The fish receiving the trout chow had an average weight gain of 
64.3±2.2g/fish, which was gained at a rate of 1.09±0.lg/day. Repeated 
measures analysis (One-ANOVA) confirmed that significant growth had been 
achieved in both groups, and a comparison of means within treatment (Two-
way ANOV A/SNK) found no discernible tank effect in either treatment. 
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The fish used in the experiment changed their feeding behaviors and their 
swimming behaviors during the experimental period. This change occurred 
as the fish acclimated to a tank environment. It was experienced equally in 
both treatments, and appeared to change almost simultaneously in each tank. 
The change probably resulted as a conditioned response to a systematic, 
regular feeding pattern (Spieler, 1992). 
Analysis of the growth curves indicated that the juvenile fish receiving 
either treatment experienced a rapid gain in weight during the first four 
weeks of the experiment. This rapid weight gain probably came in response 
to a nutritious diet being supplied in excess, to the natural diet that was being 
obtained in the wild. After a recovery of condition, the fish progressed 
toward a state of maximum growth rate for the treatment being applied. This 
was indicated when a growth rate equilibrium of positive and negative 
fluctuations in the rate of growth occurred. The maximum growth rate for 
the fish receiving the experimental diet treatment had not been reached by 
the end of the eight week experiment, but the maximum rate of growth in .the 
groups receiving the trout chow may have been attained. Because the 
experimental treatment displayed significantly greater growth (One-way 
ANOV A, P<O.OS), and a larger growth curve slope than the treatment using 
standard trout chow, the use of this experimental diet formulation for 
continued experimentation is suggested. 
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CHAPTER 6: EXPERIMENT #4 - FEEDING REGIMES 
6.1. Introduction 
Until recently, almost all feeding of captive culture fish was done by hand 
(Cowie et aI., 1985). Some feeding regimes consisted of one early morning 
feeding that was broadcast by hand or shoveled into a pond or raceway. The 
ensuing frenzy of feeding activity created a "boiling cauldron" of fish that 
were forced out of the water in competition for the unevenly supplied ration. 
It also created an exclusion zone for the smaller and less able competitors in 
the population. The result is that some of the fish were well fed, some of the 
fish were fed but stressed from the exertion of obtaining food, and some fish 
went unfed (Bergamin, 1985). All of the fish had to wait another 24 hours to 
repeat the process again. This type of feeding schedule and its application are 
designed to minimize labor costs, and still get the stock fed. It does not take 
into account a natural feeding rhythm, or patterns of physiological feed 
utilization. Recognizing those patterns and modifying the feeding regimes to 
accommodate them can have an impact on growth and survival. The 
resulting improvement in growth and survival may justify a short-term 
investment in mechanisms or additional manual feed applications. As the 
price for new technology drops its increased use becomes economically more 
feaSible. 
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6.1.1. Single and Multidaily Feedings for Catfish 
The way in which fish feed can have a profound impact on growth, and 
food conversion. Changes in feeding schedules can effect the way food is 
utilized. In channel catfish (lcta/unls punctatus), food conversion and 
growth can be improved if the frequency of feeding is increased beyond the 
traditional once daily feeding (Andrews and Page, 1975; Greenland and Gill, 
1979). While this schedule may not be practical in large scale earthen pond 
culture operations, it has been suggested for more intensive recirculating 
channel catfish culture systems (Jarboe and Grant, 1996). Broussard and 
Simco (1976) reported this type of feeding schedule was already being used in 
some recirculating indoor culture facilities. Further evidence suggests that 
differences in feeding times for channel catfish not only affect overall growth, 
but it can also affect the amount of fat deposition (Noeske-Hallin et aI., 1985). 
The benefits of multiple feedings throughout the day (and night) may be 
applicable to other fish species. 
6.1.2 Secondary Benefits of Multiple Daily feedings 
High stocking densities within an intensive recirculating operation 
typically impose a heavy load on the mechanical and biological filtration 
system. Spreading this load throughout the day helps to minimize "spikes" 
of ammonia, low DO, and fecal turbidity. The improved water quality is 
beneficial for the fish. A lower, more uniform flow of dissolved organic 
material to the biofilter allows sufficient time for microbial digestion. The 
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resulting effluent is more thoroughly cleansed, and· the populations of 
microbial flora on the biofilter are maintained at high levels. Further benefits 
may be derived from a minimization of competitive interaction between 
hungry fish that are competing for food. Feeding frenzies may be reduced, or 
eliminated altogether. 
6.1.3. Automatic Feeders and Feeding Regimes 
The use of automatic feeders has potential benefits and drawbacks for 
mariculturists. There are initial capital costs when feeders are purchased, and 
maintenance costs during their use. Their real potential is best realized by 
large operations in locations where labor costs are high. The cost of having 
multiple hand-feeding applications may be prohibitive if manual labor is 
required. Many intensive culture operations in the United States have opted 
to use automatic feeders to supply food to their fish (Boujard et aI., 1992). The 
use of automatic feeders saves time and labor for most intense culture 
facilities. Their use also ensures a more even, consistent application of food, 
and a reduced strain on the fish and filtration system. > 
There are two modes of food application used in automatic feeders. The 
first mode "demand feeding" allows the fish to feed themselves by striking a 
demand bar suspended within the tank. The other mode of feeding "timed-
delivery" simply supplies the fish with a predetermined ration of food at a 
specified time. Different amounts of food can usually be supplied by varying 
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the time of application. Multiple time settings on most timers permit a preset 
amount of food to be delivered many times during the day. Because 
pompano are active swimmers and have a short food transit time through 
the gut, they feed actively throughout the day and exhibit little nocturnal 
feeding (Heilman, 1997). Wagstaff (1975) noted that "(Florida) pompano 
would eat very frequently if given the opportunity". This observation was 
tempered with a caution that no additional growth may result from that extra 
feeding. He stressed the importance of the economic cost that may be 
required when a more or less continuous feeding regime is employed~ . The 
purpose of the present experiment is to evaluate these two modes of 
automatic feeding, and to determine if either demand feeding or timed-
delivery feeding provide an advantage in growth. 
6.1.4. li)!pothesjs Experiment #4 
An automatic demand. feeding regime will produce significantly different 
growth in subadult Florida pompano than an automatic timed-delivery 
feeding regime that supplies an equal amount of food in a bidaily ratio1j. 
6.2 Methods 
6.2.1. Specimen Selection 
Eighty (80) sub adult Florida pompano were selected from a pooled group 
that had been previously captured at Crescent Beach, Florida on August 1, 
1996. All of the fish were disease free, and had been hand fed an identical diet 
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for at least 30 days prior to the start of the experiment The fish selected for 
inclusion in' the experiment were chosen for consistency of size. None of the 
fish selected appeared to be large. enough to be sexually mature, although 
some of the fish could have begun sexual maturation by the end of the 
.experiment. 
6.2.2. Culture System 
Sterilized, filtered. seawater consistent with that described for the three 
previous experiments, was obtained in an identical manner from the same 
source. Flow rates to each tank were increased to approximately 25 L/minute 
due to the reduced demand by other tanks. This increase was deemed 
appropriate because of the increased size of the fish in each tank. A 1.88 cm 
PVC ball valve permitted the manual adjustment of the flow rate into each 
tank. The water flow was directed in each tank by a capped 1.25 em PVC pipe 
that had been extended an average of 0.5 m below the water's surface. The 
resulting tangential flow pattern was directed away from the side of the tank 
by six (6) 0.63 em holes that had drilled into the pipe prior to submergence. 
Currents imparted by these equally spaced holes provided a strong swirling 
action that carried fecal wastes and dissolved food toward a central standpipe 
for removal. 
Eight identical 1,776 L circular fiberglass tanks were used for this 
experiment. The tanks were 1.8 m in diameter (6 feet) with a sloping, 
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rounded bottom. The interior. tank surface was smooth to facilitate ' 
movement of fecal matter toward the center drain. The depth in each tank 
was maintained at 80 em. Supplemental aeration was provided by two (2.0 
em x 2.5 cm) air diffusers that were conne.cted to 4 mm diameter clear vinyl 
tubing. Pressurized air was supplied by a 1/3 hp regenerative blower 
(Sweetwater - 521). While sampling was being conducted, each tank was 
disinfected and scrubbed with a bleach solution, and then an antibacterial 
wash (Bacdown® Aquatic Eco"Sys.tems). ..Rinses were then made with 
chlorinated freshwater before refining'with 'polished seawater. 
6.2.3. Comparative Feeding Regimes 
The purpose of this experiment was to determine if a difference in growth 
would occur in Florida pompano fed in two different ways. Demand feeding 
was declared the experimental method since it allowed the fish to administer 
a predetermined amount of food to themselves. This method is newer and is 
not yet widely utilized, except in some trout and salmon rearing operations. 
The only time a person is required is when the food hopper needs to ~ filled. 
The timed-delivery administration of food was designed as the control 
method since is closely mimicked the administration of food by a person. It 
does not reqUire human intervention except to fill the hopper above the 
feeder. This method drops a specified amount bf food into the tank when a 
timer activates the mechanism. The total amount of food provided each day 
can be adjusted, and administered in multiple feedings if desired. 
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6.2.3.1. Demand Feeding 
The demand feeders used for this experiment were made of a translucent 
fiberglass that permitted observation of the pellets within the hopper (Part 
No. BDF, Aquatic Eco-Systems, Apopka, Florida). Each feeder could hold up 
to 45 Kg of pellets. The 6% of body mass daily ration added each day for the 
fish in each tank was only a small fraction of the total feeder capacity. Pellets 
would be dispensed from the feeder when a fish would strike a submerged 
stainless steel "strike bar". The strike bars attached to feeders in this 
experiment were slightly modified by painting the last 1 em of the bar with a 
fluorescent red paint. Clear silicon tubing was then slid over the last 15 em of 
the bar to protect the paint and to cushion the strike bar. The fluorescent 
paint was added to provide visual contrast, and to make the thin (1 mm) bar 
easier to see under low light conditions. Each feeder was then lowered so that 
15 cm of the bar was below the water's surface. All that a fish desiring food 
had to do was to bump into or mouth the strike bar. Once the strike bar was 
hit, the dispensing mechanism would be activated, and approximately 2 
grams of pelleted food would drop into the tank. Rebound activatjon was 
minimized by the plastic netting that coveted each tank. Under normal 
conditions, only a direct strike could activate the feeding mechanism. 
6.2.3.2. Timed-Delivery Feeding 
Timed-delivery feeding in this experiment was made with suspended 
Vibratory feeders (Model SF7, Sweeney, Inc.). Each feeder could be adjusted to 
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dispense a specific amount of food by changing the length of time that the 
vibratory mechanism was activated. When the feeder was activated the food 
would be shaken out of the feeder and fall through the net covering over 
each tank. The digital timer that was used to activate the feeders (Model SF41, 
Sweeney, Inc.) was set to vibrate once in the morning (8 AM) and once in the 
afternoon (5 PM). Approximately half of the 6% of body weight daily food 
ration was dispensed in the morning, and the other half was dispensed in the 
afternoon. These times were chosen because they closely matched the routine 
feeding schedule of an operational fish culture facility. The 6% body weight 
daily ration was selected during the conditioning phase prior to the start of 
the experiment. Once the pompano had grown to this size, any single feeding 
amount beyond 3% appeared to be in excess of satiation. Additional feed 
would not be eaten, and could have had a negative impact on water quality. 
Implementation of a feeding schedule similar to one that was used in a 
current intensive tank growout facility was desired. This pattern would 
permit a general comparison of feeding efficiencies to made betwee9 the 
typical manual application of feed (the timed delivery regime), and a newer, 
automated demand feeding regime. A feeding frequency greater than two 
feedings during the day was believed to be impractical because of the extra 
manual labor cost (30% higher) that would be reqUired to supply the same 
amount of food in a tank culture facility. The twice daily feeding regime 
would be the maximum practical amount of partitioning possible, taking into 
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account the current labor costs in the United States. Figure 17 compares the 
automated demand feeding regime, and the twice daily automated timed-
delivery feeding regime used in the experiment. In each instance an identical 
amount of sinking, pelletized diet was supplied each day. Only the method 
(frequency) of delivery was varied. 
6.2.4. Water Quality 
Water quality measurements for dissolved oxygen (DO), temperature, 
salinity, pH, and unionized ammonia were measured weekly. The tests were 
performed approximately two hours before sampling (weighing and 
measuring), and about an hour after feeding. This time was chosen as the 
most likely for any change to occur in a measured water quality parameter. 
Instrumentation and test kits (reagents) used to measure water quality in this 
experiment were the same as those used in experiment #2. 
6.2.5. Experimental Design 
On December 29, 1996 eighty (80) previously pooled subadult Florida 
pompano were randomly distributed to eight (8) tanks. Each tank received 
ten (N=lO) fish. Four of the tanks were designated experimental (4 replicates). 
Fish in those tanks were fed at a 6% body weight! day food ration with a 
demand feeding regime. The fish in the experimental tanks weighed 158±6.4 
g. The other four tanks were designated control (4 replicates). Fish in the 
control tanks were fed at a 6% body weight/day food ration by means of a bi-
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Demand Feeding Regime 
Demand feeder 
with strike bar 
extended into tank. 
Unlimited delivery of 
ration. 
Demand feeder supplying a maximum 
of 6%/bodyweight/day ration. 
Timed-Delivery Regime 
Vibratory feeder 
connected to electronic 
timer preset to 
deliver (2) equal rations 
per day. 
Timed-delivery feeder supplying a maximum 
of 6%/bodyweight/day ration. 
Figure 17: Comparison of two automated feeding regimes. The less 
frequently used demand feeding regime (left), is shown in comparison 
to the timed-delivery feeding regime (right). The fish activated the 
demand feeder by striking a stainless steel strike-bar suspended helow 
the plastic net covering on the top of the tank, and 10 cm below the 
water surface. Approximately two grams of food were delivered per 
strike. The tanks receiving the timed-delivery treatment had the food 
dropped through the plastic net covering of the tank twice daily (BAM 
and 5PM). The daily ration was delivered in two equal portions at that 
time. All feeders were filled with 6% of the body mass of the total 
weight of the fish in the tank daily. 
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daily timed-delivery feeding regime. Fish in the cOnilwl tanks weighed 
159±2.9 g. Selection of the experimental and control tanks were alternated to 
expose both groups to similar environment conditions. All of the fish in the 
experiment were fed Purina Trout Chow. The sinking pelletized diet was 6-7 
mm (1/4 inch) in length. Since the Florida pompano had already been 
conditioned to this diet, acceptance of the pellets by the fish was excellent. 
Before the feeders were filled with the appropriate amount of food each day 
the pellets were sieved to remove the particles that were too small to be eaten. 
'. . . ~ 
This step was done before the food was weighed. 
The fish were sampled approximately once a week for approximately 11 
weeks (79 days). During sampling the fish were weighed (g), and measured 
(FL). Before sampling the fish received a seven minute freshwater / formalin 
bath to remove external parasites. After sampling the fish were returned to 
their tank until the next sample period. 
6.3. Data Analysis " 
The data for each sampling period was analyzed with the statistics program 
Statistica (Statsoft, Tulsa, OK), The mean weight, and weight changes were 
analyzed by a one-way analysis of variance (ANOV A). Repeated measures 
analysis of variance was used to confirm that statistically significant growth 
had occurred for each treatment over time (P<O.05). A two-way analysis of 
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variance (Two-way ANOV A/SNK) was used between replicate tanks 
receiving the same treatment to evaluate the possibility of a "tank effect". 
6.4. Results and Discussion 
6.4.1. Determination of Growth 
Growth (G) was determined by comparing the change from the initial 
weight recorded for a replicate at the start of the experiment (W 0)' against that 
measured at a specific sampling date (W.). 
6.4.2. Demand Feeding Regime 
The subadult Florida pompano that were fed by use of an automated 
demand feeding regime (experimental) were not significantly different in 
starting weight (159±3g), than those selected to receive the timed-delivery 
feeding regime (158±6g) (One-way ANOV A, P=O.838). The group receiving 
the experimental treatment experienced an average weight gain of 36±7g/fish 
over the course of the 79 day experiment. This increase amounted to a daily 
weight gain of 0.5 g/ day. At the end of the experimental period the fisa. fed by 
the demand feeding regime did not exhibit a statistically significant difference 
in weight (195±7g), over those fed by a timed-delivery feeding regime (191±8g) 
(One-way ANOV A, P=0.680) (Figure 18). There was confirmation that 
statistically significant growth had occurred for the fish within the demand 
feeding regime during the experimental period by use of repeated measures 
analysis of variance (ANOV A, P<0.05). 
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Figure 18: Juvenile Florida pompano receiving feed by a demand feeding 
regime displayed a statistically similar starting weight (159±2.9g), to 
those receiving feed by a timed-delivery feeding regime (158±6.4g) 
(One-way ANOVA, P=O.838). Over the 79 day culture period the fish 
receiving the demand feeding regime treatment gained a net average 
mass of 36±7g/fish, at a rate of O.5±O.lg/day. The fish receiving the 
timed-delivery feeding regime grew an average 33±2g/fish, with a daily 
weight increase of O.4±O.lg/day. 
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6.4.2.1. Rate of Growth Demand Feeding 
The growth rate was assessed by determining the slope of the growth 
curve. A difference in the slope of the two growth curves were compared by 
their magnitude (% difference), and general comparisons were made in the 
trend of the curve. Comparison was also made when positive and negative 
changes in slope of the growth curves (slopex+cslope,) were made each sample 
period. 
Examination of the slope of the growth curve revealed a drop and recovery 
during the first 22 days of the experimental period. The reduced rate of 
growth may have come in response to the stress of a new tank environment, 
or it may have been in response to cold water temperatures (17.S°C) 
experienced during this time. Subsequent samples (2/1, 2/11, 2/21, 3/3, 3/13, 
and 3/23) demonstrated a consistently positive increase in the rate of growth, 
but also exhibited small fluctuations in the change of the slope. This probably 
indicated that a rate of maximum growth had been achieved for that culture 
treatment (Figure 19). .' 
There was no indication that a tank effect had occurred between tanks 
within the experimental treatment (Two-way ANOV A/SNK, P>O.OS). 
Because the subadult fish were larger, and older at the start of the experiment 
than those used in the two previous experiments, there was greater initial 
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Figure 19: The initial growth curve for both treatments demonstrated'~ 
reduced rate of increase over the first 22 days of culture. This probably 
came as a response to a new tank environment, and cold weather 
conditions during that period. Similarity of growth response between 
treatments indicates the reduced initial growth rate was not due to 
differences in feeding regimes. The stable rate of growth after this time, 
and the positive and negative fluctuations in the slope of the growth 
curve probably indicate an equilibrium in the growth rate had been 
reached. This equilibrium would be indicative of maximization in the 
rate of growth for each treatment. 
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variability of weight and growth of the fish. These differences were due to the 
growth characteristics of individual fish. 
The subadult Florida pompano were easily trained to use a strike bar and 
were able to activate the demand feeder within 24 hours. The first strikes on 
the bar were made within minutes of placement in the tank. They appeared 
to be made more out of curiosity than out of hunger. Within two days all of 
the fish in the tank had learned that hitting the demand bar would drop food 
into the tank. When the daily ration was first placed into the feeder early in 
the morning, the fish would begin striking the demand bar to release food . 
.. 
This response would then continue until all of the food in the feeder had 
been dropped into the tank. It was evident that the amount food used (6% of 
body weight) was in excess of satiation for a single feeding. This was because 
excess uneaten pellets were left laying in the bottom of the tank long after the 
morning feeding. The continued food demands were probably an entrained 
response which did not subside after the desire to feed had been satiated. By 
feeding in this way, the fish provided themselves one large morning feeding 
.,\ 
instead of the small continuous feedings predicted by the experimental 
design. 
6.4.3. Timed-Deliyery Feeding Regime 
The fish being fed by a timed-delivery feeding regime gained an average 
33±2g/fish during the same period. They accrued weight at an average rate of 
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O.4±O.lg/day. Both of these measures were smaller than the gains experienced 
in the demand feeding regime, but they were not significantly statistically 
different (One-way ANOV A, P>O.05) (Figure 18). 
The fish receiving this treatment displayed the same reduction in the rate 
of growth during the first 22 days of the experiment as did those receiving the 
experimental treatment. This response reinforces the likelihood that the 
reduction was caused by low water temperatures, or a period of acclimation 
after a change to a new tank. It was unlikely that different feeding regimes 
could simultaneous cause a reduction in the growth rate for both treatments. 
The slope of the growth curve after the first 22 days of the experiment 
exhibited the positive and negative fluctuations indicative of equilibrium. 
This continued until the end of the experiment. If an equilibrium had been 
achieved, it is probable the maximum growth rate for the subadult Florida 
pompano receiving the timed-delivery ration in this environmental had 
been reached. 
The higher initial weight of the individual fish in the replicate groups of 
this treatment, and their greater variability of size (and growth rates) as 
indicated by a larger standard error, may have diminished the possibility of 
detecting a tank effect. An analysis of variance between all replicate tanks 
within treatment could detect no such effect (Two-way ANOV A/SNK, 
P>O.05). 
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Behaviorally, the fish reacted to a timed-delivery of the ration in an 
identical manner to hand feeding. A brief flurry of feeding activity occurred 
as the food was first delivered, but slowed to more selective feeding as each 
fish fed to satiation. There was a small amount of residual food usually 
laying on the bottom of the tank after the initial drop, indicating that satiation 
had been experienced. This food was usually eaten within an hour by the 
slow, deliberate feeding of the Florida pompano. The ability of the fish to feed 
on the remaining pellets over the next hour expanded the time of application 
to match that of the demand feeding regime, and may have further reduced 
the effective distinction between the two treatments. There was no apparent 
change in the feeding behaviors after the start of the experiment. However, 
the fish did learn to anticipate the two delivery times of food application, and 
would begin circling near the tank surface and begin "popping" or sucking air 
into the bucal cavity up to 30 minutes before feeding. This may indicate that 
the fish had become entrained, and were relying on a biological clock to sense 
when feeding should occur. 
The mechanical reliability of the feeders was excellent. There were no 
malfunctions observed in either the feeders, or the electronic timer. The 
distance that the feeder could be suspended above the tank may have helped 
reduce its exposure to salt spray. Without a demand bar extending below the 
water's surface, the vibratory feeder could be raised and still deliver the food 
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directly into the tank. This would extend the life of the metal parts and the 
electronic connections. 
6.5. Conclusions 
There were no significant differences in the starting weights of the 
subadult Florida pompano fed by use of a demand feeding regime (159±3g), 
and those fed by use of a timed-delivery feeding regime (158±6g) (One-way 
ANOVA, P=O.838). The approximately one gram/fish average weight 
difference between the two treatments at the start of the experiment slowly 
increased over the 79 experimental period to approximately four grams/fish 
average weight difference by experiment's end. On the last sample date 
(3/23/97), the average weight of the fish receiving the demand feeding 
treatment was 195±7g, while those receiving the timed-delivery feeding 
regime weighed 191±8g. This difference was not statistically significant for the 
two treatments (One-way ANOV A, P=O.680). The fish fed by the demand 
feeding regime gained an average 36±7g/fish; accrued at an average rate of 
O.5g/day. Those fed by means of timed-delivery gained an average 33~g/fish; 
added at a rate of O.4g/day. Despite a lack of statistical significance (P<O.05), 
both groups demonstrated acceptable growth rates for high intensity tank 
culture. There was confirmation of statistically Significant growth for both 
treatments over time by a repeated measures analysis of variance (ANOV A, 
P<O.05). 
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The slope of the growth curves for both treatments demonstrated a 
reduction in the rate of growth during the first 22 days of the experiment. 
This reduction probably came in response to cold weather conditions (low 
water temperature), or as an adjustment period to a new tank environment. 
It was unlikely that it was made in response to different treatments since the 
replicate groups of each treatment responded simultaneously in a similar 
fashion. The next 57 days of the experiment saw a similar increase in the rate 
of growth for both treatments. A consistently positive overall increase was 
observed, and it exhibited small fluctuations in the change of the slope of the 
growth curve. These fluctuations were likely indicative of an equilibrium in 
the rate of growth. That equilibrium probably indicated that a maximum rate 
of growth had been achieved in both treatment environments. The 
similarity of the growth curves, and their similar maximization of the growth 
rate reflect the altered food application by the fish in the demand feeding 
regime to diminish treatment differences. 
There was no indication of a tank effect between intra-treatment reglicates. 
Neither treatment exhibited any tank effects, but this may have been due to 
the larger, older fish used in this experiment. Individual differences in 
growth characteristics had created greater size variability at the start of the 
experiment (Two-way ANOV A/SNK, P>O.05). 
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The feeding behaviors of the fish receiving the demand feeding regime 
were the probable cause for not achieving statistically significant differences 
in weight between the treatments. Repetitive strikes on the demand bar by 
fish in this group completely released the total daily ration of food into the 
tank within an hour after the feeders had been filled. This behavior 
continued after the fish had fed to satiation, and after the feeders were 
emptied. In practice, this behavior would have unnecessarily wasted feed. A 
large amount of food usually remained uneaten on the bottom of the tank for 
several hours after the initial AM feeding. The fish would graze on this large 
bolus of feed periodically until it was eaten, or until it had dissolved. This 
expanded the period of food application (between one and two hours), and 
was longer than the period of feed application for the fish receiving the 
timed-delivery ration. The result of this behavior was to supply one large 
(6%) feeding early in the morning for the fish receiving the demand feeding 
regime, in comparison to the 3% AM and then 3% PM feeding schedule 
established for the timed-delivery treatment. There was probably not enough 
difference between treatments to generate a Significant difference in gro~th. 
,<" 
A second problem was encountered when strong northwesterly winds and 
severe thunderstorms were able to activate the demand feeders without 
contact by the fish. This problem occurred less than 10% of the time, but it 
produced an effect similar to that of continuous demand bar strikes. All of 
the feed in the feeder would be prematurely dropped into the tank. Although 
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strong winds could activate the demand mechanism at any time, this usually 
occurred early in the morning soon after the feeder had been filled . During 
periods of high wind it was difficult to discern whether excessive strikes were 
being caused by the fish, or whether the demand bar was being activated by 
the wind. The result was the same. 
A separate problem was the occasional mechanical failure of the demand 
feeder. This problem was unique to the demand feeders. It occurred when 
the retaining disk, which controlled the amount of food being dispensed from 
the feeder, slid down the demand bar. A stainless steel demand bar was 
necessary for use in a corrosive marine environment. Unfortunately, the 
steel was too hard to allow the retaining screw below the disk to bite into the 
bar. When the screw slipped, the retaining disk fell and dropped all of the 
food into the tank. Wind and repeated strikes by the fish on the demand bar 
exacerbated the problem. Although this problem occurred only once, it was 
obvious that it would occur again without significant modification of the 
feeder. Improvements in the demand feeder operation could be exp~cted if 
" 
environmental influences were controlled, and modifications were made to 
better adapt the feeders to a marine environment. 
Changes could be made in the size of the Florida pompano grown utilizing 
a demand feeding regime. Larger fish may be more selective in their feeding 
aggressiveness, and may not strike the demand bar as frequently. Stocking 
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densities could also be modified to better utilize this type of feeding regime. 
A sufficiently large enough population of fish in the tank, one that could 
absorb an almost continuous application of food, may produce better results. 
There is no way to predict how subadult pompano would react without direct 
experimentation if this type of feeding regime were employed at higher 
stocking densities. The idiosyncrasies of their behavior in captivity still 
require experimental determination to verify a hypothesized behavioral 
response. 
The experimental results do suggest that a single large AM feeding may be 
no worse for growth and food conversion than an equally divided AM and 
PM feeding regime. This finding may have implications for intensive culture 
operations where manual labor costs for feeding are an important 
consideration. It may also suggest that one feeding early in the morning may 
be all that is required for adequate growth. More likely, there are indications 
that continued exploration of different feeding regimes and feeding times will 
be required to establish an optimum feeding schedule for captive Florida 
pompano. 
6.6. Summary 
The growth of subadult Florida pompano exposed to two different feeding 
regimes were assessed for 79 days. Two different automated feeding regimes 
supplied the Rorida pompano with a 6% body weight daily ration of a sinking 
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pelletized trout chow. Two methods of feeding were used: a demand feeding 
regime, and a timed-delivery feeding regime. The demand feeders were 
activated by the fish in the tank when a stainless steel demand bar submerged 
beneath the water's surface was struck by a fish. The timed-delivery feeding 
regime The fish receiving the demand feeding regime weighed 159±3g at the 
start of the experiment, while the fish receiving the timed-delivery feeding 
regime weighed 158±6g. There was no significant difference in the starting 
weights (One-way ANOV A, P=O.838). 
The fish receiving either treatment displayed a decrease in the slope of the 
growth curves over the first 22 days of the experimental period. This decrease 
may have come in response to a change in tank environments, but was more 
likely made in response to low water temperatures (17.5"<:) that were 
experienced during this time. Over the remainder of the experimental period 
(57 days) both treatment groups exhibited a positive growth rate that had 
some fluctuation, but appeared stable overall. The small fluctuations in the 
change of the slope of the growth curves probably indicated a gro~th rate 
0 " 
equilibrium had been achieved. A growth rate maximization would have 
been reached for both treatment environments if that were accomplished. 
The weight of the fish receiving the demand feeding regime was 195±3g at the 
end of the experimental period. Those receiving the timed-delivery feeding 
regime finished the experiment weighing an average 19l±8g. The difference 
in the two treatment weights at the end of the experiment were not 
182 
significantly different (One-way ANOV A, P=O.680). Fish fed by a demand 
feeding regime gained an average 36±7g/fish; accrued at a rate of O.5±O.lg/day. 
Those fed with a timed-delivery feeding regime gained an average 33±2g/fish; 
at a rate of O.4±O.lg/ day. 
The fish receiving the demand feeding regime were able to reduce the 
anticipated difference in feed application by initiating multiple, repeated 
strikes on the demand bar soon after the feeder was filled each morning. The 
large deposition of food during the first hour, and the subsequent expansion 
of the period of food application by the pellets laying on the bottom of the 
tank, narrowed comparison of treatments. The timed-delivery feeding 
regime that delivered two equal portions of food, was essentially compared 
against single, large morning feeding regime. The experimental results may 
have value in comparing these two feeding regimes. The fact that one large 
AM feeding was as effective as a twice-a-day feeding regime in promoting 
growth, may be important when expensive manual labor costs are taken into 
consideration. 
The diel feeding responses demonstrated by the subadult Florida pompano 
were very similar to those reported by Heilman (1997). The preferred feeding 
time was early in the morning. Subsequent feedings were only observed 
during daylight hours. While this was the preferred feeding time, it may not 
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have been the time most conducive to somatic growth (Heilman, 1997). Later 
feedings may improve growth. 
The unique feeding patterns of Florida pompano, and the current 
unreliability of the demand feeders argue against the use of a demand feeding 
regime. Continued use of a timed-delivery feeding regime, and creative 
experimentation with this method of feeding, are suggested for future feeding 
regime experiments. 
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CHAPTER 7: CONCLUSION 
7.1. Summary Significance 
Four major experiments were conducted in the course of this research. 
They were targeted to resolve some of the persistent 'and unexplored 
questions about captive Florida pompano reproduction and growth. These 
experiments answered some of those questions. 
The use of a timed-release pituitary stimulating hormone induced the 
successful semi-natural spawning of mature Florida pompano in captivity. 
The pompano were safely and efficiently surgically implanted with a 
ethylene-vinyl acetate copolymer pellet cont'aining a predetermined amount 
of LHRH-a. Additionally, a new Florida pompano (Trachinotus carolinus) x 
Permit (Trachinotus falcatus) hybrid was produced when semi-n~tural 
spawning was induced between these two morphologically distinct species. 
The technologies and methodologies developed during the spawning 
experimental trials facilitated this achievement. 
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A comparison of the growth exhibited by juvenile Florida pompano in 
three different growout environments - net cages, upwellers, and standard, 
circular, tangential-flow tanks - dll,lIlonstrated that tanks were a better choice 
for growout when growth was the primary concern. There was also a 
suggestion that an upwelling environment can be instrumental in promoting 
better growth for juvenile Florida pompano that are 20-100 g in size. Analysis 
of the growth curves indicated that the tank treatments may have maximized 
the growth rates sooner in these environments, and may have permitted 
weight to accrue more quickly, in a shorter period of time. 
Feeding juvenile Florida pompano an experimental diet developed 
specifically for marine fish, with a higher protein content, produced 
significantly greater growth than a standard diet of pelletized trout chow 
(Purina Trout Chow). The increased amount of protein (11%) may have 
contributed to the better growth. The rate of growth in the replicate groups 
receiving the experimental diet was continuing to increase at the end of the 
eight week experiment, while the replicate groups receiving the trout;,chow 
may have reached a growth rate equilibrium. Up to this time pelletized trout 
chow had proven superior over all other types of feed supplied to captive 
Florida pompano. Continued research with this diet is recommended. 
No discernible differences were found in the growth of subadult Florida 
pompano that were fed with two different automated feeding regimes. 
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Behavioral characteristics of Florida pompano, and external environmental 
influences helped compromise the experimental design by interrupting the 
intended rate of food application. This finding provided important insight 
into the feeding behaviors of juvenile Florida pompano, and prompted 
constructive recommendations concerning their care and feeding in an 
intense marine tank culture environment. Future experiments into the 
feeding patterns of captive Florida pompano, and the use of cost-effective 
automated feeding methods are suggested. 
7.2. Feasibility of Florida Pompano Aquaculture 
Several studies have tried to determine the feasibility of Florida pompano 
aquaculture. Hoff (1976) concluded" that the mariculture of pompano is not 
presently feasible in the continental United States". He believed that the strict 
environmental requirements which Florida pompano demand: warm year-
round temperatures, high oxygen requirements, high food conversion rates, 
and a propensity for health problems, presented too many expensive obstacles 
to overcome. An economic survey of Florida pompano productiOn at the 
CPMC determined that it was "not feasible under existing economic 
conditions" to culture Florida pompano in ponds (Cuevas, 1978). It was noted 
that this conclusion could change if the survival and feed conversion rates 
were substantially improved. A market study conducted simultaneously 
with the economic survey found that there was a market demand for smaller, 
pan-sized Florida pompano. It was suggested that the smaller size may make 
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• I 
• 
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it possible to produce two crops of pompano per year. The concept that 
"producing a high-quality product available on demand, may create a 
specialized market" was recognized in the early development of pompano 
aquaculture (Moe, et aI., 1968). This reality was demonstrated when an 
American company (O.M.I.) operating in the Dominican Republic was able to 
successfully market 200 gram Florida pompano to two major institutional 
buyers (airlines) (McMaster, 1988). 
Despite all of the problems (biological and economic) that have been 
identified as obstructions to the successful culture of Florida pompano, many 
positive attributes remain unchanged. 
• There is still high, ongoing demand for Florida pompano in the 
marketplace. 
• Florida pompano continue to command one of the highest, if not the 
highest ex-vessel prices on the open market. Imposition of a constitutional 
net ban in the state of Florida may have improved an already strong 
market value. :~. 
• The Florida pompano, and other jacks in the Family Carangidae are hardy 
fish that adapt well to captive culture. Experience with other marine fish 
(red fish and snook) since the initial attempts to culture Florida pompano 
have demonstrated that pompano are probably no more susceptible to 
disease than other marine fish. This is also true for those that are grown 
in dense culture. The same treatments and preventative measures that 
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are used to prevent epizootics for other warm water marine fish, have 
been successfully used for Florida pompano. 
Experience has shown that contemporary culture efforts will need to 
employ multiple and innovative techniques to overcome the difficulties 
previously encountered. Those techniques include the following: 
• Incorporate technological advances in marine recirculation technology to 
reduce or eliminate the need to purchase expensive coastal land, 
• Isolate facilities from natural disease reservoirs, and develop a program to 
prevent communicable diseases, 
• Create year-round availability of pan-sized fish by maximizing growth (2 
crops per year), 
• Budget a substantial initial capital investment in automation to reduce the 
greatest operating expense, labor, 
• Direct market to gourmet restaurants and specialty markets to eliminate 
profit reducing secondary markets. Mail-order and Internet marketing 
should not be neglected in this regard, and 
• Find partnerships that combine a wide variety of professional skills 
including ichthyology, aquatic engineering, business, and marketing. 
7.3. Future Research Focus 
A careful review of the available published research, and much of the 
unpublished findings by those experienced with Florida pompano 
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aquaculture, have indicated where future research efforts should be focused . 
The most glaring need is to establish a basic, exacting benchmark of the typical 
growth and food conversion of captive Florida pompano at all stages of 
development. At present time only rough estimates can be projected from 
the variety of culture experiments that have been conducted. These estimates 
often compare experiments that have utilized different diets, and were 
conducted in vastly different culture environments. Certain growth rates, 
stocking densities, and feed conversion ratios seem to be moderately similar, 
but extrapolating those estimates as goals for future production is risky. 
Specific "average" culture parameters, those that can be achieved by most 
culturists using available technology, should be employed to gauge this 
critical need. Once benchmark growth statistics exist within known, 
quantifiable parameters, future experiments to improve growth, food 
conversion, and stocking densities can be undertaken. 
Other promising possibilities such as polyculture with high value shrimp, 
or the use of compatible fish species cultured with Florida pompano, ,may be 
" 
possible. Experiments to develop and refine a better diet for Florida 
pompano, as wen as other jack species, are also essential. The technology of 
marine fish nutrition, feeding schedules, and methods of feed application 
clearly warrant continued research. 
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Finally, continued experiments to hybridize Florida pompano, and to 
practice the selective breeding of fish that display positive growth 
characteristics and physical attributes should be continued. The strain of 
Florida pompano that will eventually become the domestic product sold 
throughout the industry may be markedly different from wild fish caught 
today. Over time, fish that produce superior taste, texture, culturability, and 
cost-effectiveness, will be the ones selected for continued propagation. 
7.4. Outlook 
W~h the collapse of so many commercial culture operations, potential 
investors and researchers are intimidated by Florida pompano aquaculture. 
Once projected to become the premier culture fish in the southern U.S., 
Florida pompano are now considered a "high risk" mariculture candidate. 
This is unfortunate. Many of the break-point problems cited by some 
researchers were cleverly resolved by others. Growers that may have been 
able to integrate spawning and larval rearing were sometimes unable to 
produce adequate food conversion ratios. Others, capable of achieviyg good 
growth and excellent food conversion ratios, may have been plagued by 
persistent disease outbreaks. The almost total communication black-out, 
owed to fierce business competitiveness, inhibited the free exchange of 
information between the different groups trying to culture Florida pompano. 
The race to develop "the technology" eventually harmed the developing 
industry. 
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Acceptable, pragmatic solutions to many of the basic problems formerly 
associated with Florida pompano aquaculture have been collectively solved 
by a number of researchers and individuals. No one researcher had (or has) 
all of the answers to all of the problems, but a select number of individuals 
now have answers to many of the most commonly encountered problems. 
With today's technologies, an economically viable pompano culture facility 
will certainly be realized in the future. Until that time, Florida pompano will 
remain a seasonal and infrequent commodity in the fish markets of Florida, 
and the United States. 
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APPENDIX A: EXPERIMENT #1 
A-I Summarized Spawning Data 
A-2 Analysis of Variance P-Value 
A-3 Water Quality Data 
203 
Days After 
Implantation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Appendix A-1 Summary of Spawning Data - Experiment #1 
Summary of Egg Production 
Tanka Rcsciyiar GnRH·" (5QugIKc' Implant!! Tank:; Receiying Placebo ImJ?lanb 
Tank 12 Tank #5 Tank #9 Tank #1 Tank 114 Tank 118 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
Day(s) after 
Implantation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
Percent 
Oay(s) after 
Implantation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
0 464 0 0 
88.400 37.551 0 0 
15.620 25,446 0 0 
2 .249 14.603 0 0 
0 1.128 0 0 
56 2.136 0 0 
2.757 6.864 0 0 
1.736 3,020 0 0 
0 677 0 0 
110,818 91,889 o o 
Fertilization Rates for Semi-Natural Spawning 
Tank .5 
Fertilized 
0 
29.172 
7,966 
450 
0 
0 
248 
0 
0 
37,836 
34.1% 
Unlertilized 
0 
59,228 
7,654 
1,999 
0 
56 
2,509 
1,736 
0 
73,182 
65.9% 
Tank 119 
Fertilized 
246 
26,286 
16,285 
4,089 
869 
790 
1,373 
1,389 
88 
51,415 
58.0% 
Unfertilized 
218 
11,265 
9,161 
10,514 
259 
1.346 
5,491 
1,631 
589 
40,474 
44.0% 
Daily Combined Fertilization Percentages 
F~ilized % Unfertilized % 
246 53.0% 218 47.0% 
55,458 44.0% 70,493 56.0% 
24.251 59.1% 16,815 40.9% 
4,539 26.6% 12,513 73.4% 
869 77.0% 259 23.0% 
790 36.0% 1,402 64.0% 
1,621 16.8% 8,000 83.2% 
1,389 29.2% 3,367 70.8% 
88 13.0% 589 87.0% 
89,251 44.0% 113,656 56.0% 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
.,. 
Appendix A-2 Successfully spawned Florida pompano receiving 
GnRH-a (SOllg/Kg) implants(±SEM) (experimental) vs. adult pompano 
receiving placebo implants (control). P-value determined by use of a 
one-way ANOVA. 
Egg production of successfully Eggs spawned in fish receiving 
spawned Florida pompano placebo implants P-Value 
receiving( SOIl9/Kg) 
GnRH-a implants 
202,707 0 0.0086 
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Appendix A-3 Experiment #1 Water Quality 
Water Total 
Temperature Salinity pH DO Ammonia 
DATE TANK (GC) (ppt) (mg/L) (ppm) 
4/1/96 1 26.6 27.2 8.2 6.8 <0.2 
2 26.6 27.2 8.1 6.7 <0.2 
4 26.5 27.2 8.2 6.6 <0.2 
5 26.6 27.2 8.2 6.8 <0.2 
8 26.6 27.2 8.2 6.5 <0.2 
9 26.5 27.2 8.1 6.6 <0.2 
4/2/96 1 26.9 27.4 8.0 6.9 <0.2 
2 26.8 27.3 8.0 6.9 <0.2 
4 27.0 27.4 8.0 6.7 <0.2 
5 27.0 27.4 7.9 7.0 <0.2 
8 27.0 27.4 7.9 6.6 <0.2 
9 26.8 27.4 7.8 6.5 <0.2 
4/3/96 1 24.9 27.0 8.2 7.0 <0.2 
2 25.1 27.1 8.2 6.9 <0.2 
4 24.8 27.0 8.2 7.0 <0.2 
5 24.9 27.0 8.0 7.1 <0.2 
8 24.9 27.1 8.1 7.5 <0.2 
9 25.0 27.3 8.2 7.0 <0.2 
4/4/96 1 25.3 27.7 8.1 7.5 <0.2 
2 25.5 27.9 8.1 7.2 <0.2 
4 25.5 27.7 8.1 6.7 ;,' <0.2 
5 25.5 28.0 8.1 6.8 <0.2 
8 25.5 27.9 8.1 6.7 <0.2 
9 25.5 28.0 8.1 7.0 <0.2 
4/5/96 1 26.2 28.1 8.0 6.8 <0.2 
2 26.2 28.2 8.0 6.9 <0.2 
4 26.3 28.1 7.8 7.0 <0.2 
5 26.2 27.9 8.0 6.9 <0.2 
8 26.2 28.1 8.1 6.8 <0.2 
9 26.2 28.1 8.1 6.9 <0.2 
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Appendix A·3 Continued 
Water Total 
Temperature Salinity pH DO Ammonia 
DATE TANK (oC) (pptl (mg/L) (ppm) 
4/6/96 1 26.7 2B.2 B.2 6.B <0 .2 
2 26.7 2B.2 B.3 6 .7 <0.2 
4 26 .7 2B.2 B.O 6.B <0.2 
5 26.7 2B.2 B.2 6.B <0.2 
8 26.7 2B.2 B.3 6.6 <0.2 
9 26.7 2B .2 B.3 6 .B <0 .2 
4/7/ 96 1 26.6 2B.0 B.O 6 .7 <0 .2 
2 26.6 2B.0 7 .9 6.7 <0.2 
4 26.6 2B.0 B.O 6.B <0.2 
5 26.6 2B.0 B.O 6.7 <0.2 
8 26.6 2B.0 B.O 6.7 <0.2 
9 26 .6 2B.0 B.1 6.7 <0 .2 
4/8/96 1 27.2 2B.4 B.1 6.6 <0.2 
2 27.2 2B.4 B.1 6.5 <0.2 
4 27 .2 2B.4 B.1 6.5 <0.2 
5 27 .2 2B.4 8.1 6.5 <0 .2 
8 27.2 2B .4 B.1 6 .6 <0.2 
9 27.2 2B.4 8.0 6 .5 <0.2 
4/9/96 1 25.0 26.5 8.3 7.5 <0.2 
2 25.2 26.5 8.3 7.3 <0 .2 
4 25.0 26.5 8.2 7.5 <0,,2 
5 25.1 26.5 B.3 7.5 <0.2 
8 24.B 26.5 B.3 7.6 <0.2 
9 25.0 26.5 B.3 7.5 <0.2 
4/10/96 1 25 .3 26 .9 B.2 7.2 <0.2 
2 25 .3 27 .0 8.1 7.2 <0.2 
4 25 .4 26.9 7 .9 7.2 <0 .2 
5 25.3 26.9 B.O 7.2 <0 .2 
8 25.3 26 .9 B.O 7 .2 <0 .2 
9 25.4 27 .0 B.2 7 .2 <0 .2 
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Appendix A-3 Continued 
Water Total 
Temperature Salinity pH 00 Ammonia 
DATE TANK (oe) (ppt) (mg/L) (ppm) 
4/11/96 1 26.1 27.4 8.0 6.6 <0.2 
2 26.1 27.4 8.1 6.4 <0.2 
4 26.0 27.4 8.1 6.6 <0.2 
5 26.0 27.0 8.1 6.5 <0.2 
8 26.1 27.4 8.1 6.6 <0.2 
9 26.1 27.4 8.2 6.8 <0.2 
4/12/96 1 26.8 27.8 8.0 6.4 <0.2 
2 26.8 27.4 7.9 6.3 <0.2 
4 26.8 27.6 8.2 6.4 <0.2 
5 26.8 27.7 8.2 6.4 <0.2 
8 26.8 27.7 8.2 6.3 <0.2 
9 26.8 28.0 8.3 6.5 <0.2 
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APPENDIX B: EXPERIMENT #2 
B-1 Summarized Comparative Growout 
Data 
B-2 Experiment #2 Data 
B-3 Water Quality Data 
209 
Mean mass! 
STDEV 
Standard Er 
N 
-o 
-- _ .. 
CI 
C2 
C3 
C4 
C5 
fish (g) 
-or (SEM) 
......... _ .. 
U1 
U2 
U3 
U4 
U5 
• >II (g) Mean massl 
STDEV 
Standard EO'O: r(SEM) 
Effect of Different Growout Environments on Juvenile Pompano Growth 
Net Cage Growout Environment 
8/1/96 8/10/ 96 8/19/96 8/26/96 9/2/96 9/8/96 9/16/96 9/D/96 9/JIJ/96 1017/96 10/13/96 10/22/96 10128/96 111'196 
_ ..... 
-... -- -.. . --
_ _ • • n ~ 
-... -- -.. .... - " ... _ ... --
_ ... ~ -
_ . , . n' _ -.. . ... _ .. . -.. 
_ .. . _.- _ .. . - . . 
21.9 23 .2 29 .6 34.8 40 .0 43.0 50 .2 54 .3 6\.4 70 .8 78. 8 91.7 101.5 1 t 5 .7 
19 .9 21 .9 27 .5 32.9 36.8 41.4 45.B 50 .6 58.4 65.6 72.1 81.3 92.6 105.4 
20 .7 22.4 26. 1 32.7 39.5 44.9 51.5 57 .2 66.0 17.9 83.9 98.8 111.6 128.2 
22 .2 24 .0 29.9 38.0 44 .5 50.4 58.6 67 .3 81.6 98.2 106 .7 127.4 145.8 166.9 
19.3 21.7 27.5 34.3 39.7 45.3 53.0 59 .7 89.0 82.5 B9. 1 108.8 123.6 141 .3 
20.8 22.6 28.5 34.5 40. I 45.0 51.8 57.8 67.3 79.0 86.1 101.6 115.0 131.5 
1.2 1.0 1.2 2.1 2.8 3.4 4.6 0 .3 9 .0 12.5 13 . 1 17.6 20.7 23.9 
0 .56 0.43 0 .52 0 .95 1.24 1.52 2 .08 2.81 4.02 5 .61 5.86 7.66 9.27 10 . 70 
-
Upwelling Growout Environment 
8/1/% 8/10/96 8/19/96 8/26/96 9/2/96 9/8/96 9/16/96 9/D/96 9/JIJ/% 1017/96 10/13/96 10/22/96 10/28/96 11/4/96 
..... .. , ... ........ .... .. ..... ... .. . ...... ... .. ...... ... ....... .. .. .... ... •• • wv ............ 
""" ... -
... , ..... .. ........ ... .. ...... ..... .... ... 
14.1 20.2 34. 9 48.8 61.1 70.8 79.0 90 .4 98.2 110 .9 121.4 130.0 144.0 152.4 
17.4 23.3 39.6 57.3 76.2 88.8 99.3 112.6 117.7 135.8 145.3 161.8 175.5 178.4 
15.0 19. I 34.4 49 .3 65.0 75.6 85.B 96.9 106.2 123.8 133.1 150.2 163.1 170.1 
15.7 21 .2 35.5 51 . 1 66 .5 76.5 72.9 99.4 88.4 122.3 132.0 141 .4 151 .0 154.8 
12.6 18.3 29.4 41.1 50.4 57.8 69.2 74.5 74. I 85.5 93.4 103.4 116.2 124.5 
15.0 20.4 34.8 49.5 63.8 73.9 81.2 94 .8 99 . 1 115 .7 125.0 137.4 150.0 156.0 
1.8 1.9 3 .6 5.8 9.3 11.2 11.9 13.9 16.0 19.0 19.6 22.3 22.4 20.7 
0 .80 0 .87 1.83 2.59 4.1B 5 .00 5.32 6.22 7 .15 8 .5~ 8.77 9.98 ~O.OO 9.24 
-------
SlAnd.rd Circular Tank Configuration (Control) 
8/1/96 8/12196 81l7/96 8/24196 8/31196 9/7/96 9/14/96 9/21/96 9/28/96 10/5/96 10/12/96 10/19/96 10/26/96 1113/96 
Tank' D.P. '1 D.P . • 2 -.. . -- D.P. '3 
- " , -- D.P . • 4 _ .. . ~. C.P.'S _ ... _- D.p. e _ .. -- D.P. 17 _ . --- D.P. '8 - -, -.- D.P . • 9 D.P, .,O D.P. 11 1 D.P. '12 D.P . • 13 O.P. 1I14 
Averagema: 
STDEV 
Standard Er 
T2 
T5 
17 
1'9 
,o!fish (g) 
or(SEM) 
18.8 25.4 
18 .4 25 .0 
19.9 23 .9 
20.1 23 .3 
19.3 24.4 
0.8 1 .0 
0 .41 0 .48 
32. 3 41.7 54.2 62.7 
30.5 40.2 53.4 64.3 
32.5 41.9 56 .5 70.9 
32.5 " 40 .2 54.6 68.3 
32.0 41.0 54.7 66.6 
1 .0 0 .9 1.3 3.7 
0 .48 0 .46 0.66 1.87 
- -
70.3 81.2 91 .6 97.9 106 .9 115.7 123.8 137.4 
74 .4 87.9 97.6 107.4 115.1 124.2 132.2 139. 7 
86.0 98.3 120.4 133 .4 151 .5 162.5 174 .1 189.0 
83.3 91.3 108.6 . . . . . 
78.5 89.7 104.6 112.9 124.5 134.1 143.4 155.4 
7.4 7. 1 12.7 18.4 23.7 24.9 26.9 29.2 
3 .69 3 .58 6 .35 9 .1~ L-1J. .87 _ 12.47 ~3.47 14.58 
• C<IInpJeI. Mortality 
N 
~ 
~ 
Total 
Average 
Total 
Average 
Nel Cage.1 
FUmm) 
92 
92 
95 
99 
JQ2 
4BO 
96 
~= 
WI.l 
20.0 
20.4 
21.8 
23.2 
24.2 
109.6 
21.9 
Upweller .1 
FLlmm\ 
87 
86 
90 
91 
103 
457 
91 
N=5 
Wla) 
16.0 
17.2 
18.3 
19.8 
2'.2 
95.5 
19.1 
Data Point fl· Effect of Different Growout Environmenls 
Net Cage Growout Environment 8/1/96 Day 0 
Nel Cage,2 Nul Cage .3 Nel Cage #4 
FLtmm\ 
82 
86 
84 
105 
107 
464 
93 
..... 
WI.\ 
13,4 
14,2 
14.8 
27.7 
29.4 
99.5 
19.9 
FUmml 
79 
80 
92 
106 
106 
463 
93 
n=::l 
WI.\ 
11.7 
11.8 
18.8 
30.1 
30.9 
103.3 
20.7 
FUmm 
79 
77 
102 
103 
111 
472 
94 
N"":li 
Upwelling Growout Environment· 8/1/96 Day 0 
WI.\ 
10.9 
14.2 
25,7 
27.5 
32,7 
111.0 
22.2 
Upwellef .2 Upwoller t3 Upwellor .4 
Fllmm) 
72 
84 
83 
96 
10. 
439 
88 
N=5 
Wla) 
9.2 
13.9 
14.2 
22,8 
27,0 
87.1 
17.' 
Fllmm) 
85 
89 
89 
88 
108 
459 
92 
N=5 
Wla) 
15.5 
17.3 
17.3 
18.2 
31 7 
100.0 
20.0 
FlImm 
83 
87 
90 
99 
lOS 
464 
93 
Standard Circular Tank - 8/1/96 Day 0 
~ =5 
WI.\ 
15.4 
16.3 
17.9 
23.7 
30.4 
103.7 
20.7 
Tank .2 Tank '5 Tank t7 
N= 12 N= 2 N=12 
Nel Cage #s 
FUmm) 
75 
85 
86 
105 
110 
461 
92 
,,-. 
WI.I 
9.4 
13.6 
14.5 
27.9 
31.3 
96.7 
19.3 
UpweHer #5 
FlImm\ 
81 
89 
88 
95 
96 
449 
90 
N=5 
WI.) 
14.9 
16.6 
16,8 
19.7 
19.9 
87.9 
17.6 
Tank'9 
N=12 
FLlmml WIGI FI (mml WIG) Fl(mm) weGI FlImml W{n\ 
Total 
Average 
73 
78 
82 
B3 
B8 
B9 
90 
96 
99 
103 
10' 
100 
1085 
90 
9.3 
12.3 
13.4 
16.0 
16.0 
17.1 
lllrO 
22,5 
24.9 
25.2 
25,2 
25.7 
225.6 
18.B 
76 
75 
7B 
79 
82 
85 
89 
90 
99 
101 
106 
106 
1066 
89 
10.0 
10.1 
11.8 
13,7 
15,2 
15,' 
lB,4 
19.4 
23,8 
24.5 
28.2 
30.8 
220,9 
18,4 
73 
75 
79 
BO 
8B 
91 
93 
96 
102 
100 
107 
112 
1096 
91 
10.0 
10.4 
12,5 
13,1 
16.2 
18,' 
18.9 
21.9 
25.9 
26.2 
31.5 
33.7 
238,7 
19.9 
72 
82 
B3 
B5 
88 
96 
92 
96 
101 
103 
108 
106 
1110 
93 
8.9 
12.7 
14.6 
15.0 
17,8 
20,5 
21.5 
21.8 
23.9 
25.9 
27.9 
31.1 
241.6 
20,1 
, 
, 
! 
I 
N 
~ 
IV 
Total 
Average 
Total 
Average 
Net Cage .,1 
FLlmml 
91 
94 
96 
100 
98 
479 
96 
• •• 
WI.I 
16.3 
22.6 
23.4 
26.3 
27.4 
118.0 
23.2 
Upweller .1 
FLlmml 
9B 
95 
99 
9B 
ln3 
491 
98 
N.5 
Wlnl 
24.4 
2S.2 
26.6 
27.6 
'2.4 
136.2 
27.2 
Data Point #2 - Effect of Different Growout Environments 
Net Cage Growout Environment 8/10/96 Day 9 
Net Cage t2 Ne' Cage.3 Nel Cage.4 
N .5 N.S ~ .5 
FUmm Wlol FLlmml WI.I FL mml WI., 
63 
85 
84 
104 
106 
462 
92 
15.4 
16.2 
16.8 
29.4 
31 .• 
109.7 
21.9 
77 
63 
94 
106 
112 
472 
94 
11.3 
15.1 
22.1 
30.7 
33.0 
112.2 
22.4 
80 
79 
103 
106 
111 
479 
96 
Upwelling Growout Environment - 8/10/96 Day 9 
13.8 
14.2 
29.3 
29.B 
33.1 
120 
24.0 
Upweller .2 Upweller 13 Upwelle' .4 
FL/mml 
Tlnk .2 
..Nill 
BO 
96 
B9 
105 
IDA 
469 
94 
N •• 
W/nl 
15.8 
20.5 
21.1 
29.6 
34" 
121.8 
24.3 
FUmml 
86 
92 
90 
93 
10. 
470 
94 
N •• 
WI., 
19.7 
22.1 
22.3 
22.9 
36.' 
123.5 
24.7 
FUmml 
90 
93 
95 
100 
110 
498 
98 
Standard Circular Tank - 8/12/96 Day 11 
Tank .5 
N=12 
Tank .7 
N.12 
~ .5. 
W{QI 
20.9 
22.2 
23.9 
28.B 
3'4 
131.2 
26.2 
Net Cage ".5 
FUmmL 
76 
64 
67 
10. 
lOB 
460 
92 
N.5 
W/.I 
11.6 
14.8 
18.0 
30.5 
33.6 
10B.S 
21.1 
Upwelle, is 
Fl/mml 
Tank,9 
N.12 
91 
93 
93 
95 
•• 
467 
93 
N •• 
W/.I 
20.9 
22.0 
22.B 
25.1 
25 .• 
116.4 
23.3 
Fl{mml I . Wl!IL FUmml W{al FUmml W{gl. FUmml Weql 
Total 
Average 
80 
B5 
B8 
91 
90 
91 
96 
103 
106 
105 
105 
107 
1,.7 
96 
13.1 
15.9 
16.B 
19.9 
19.6 
20.9 
'21.9 
25.8 
28.2 
28.6 
2B.3 
29.8 
268.8 
22.4 
79 
BO 
BS 
BB 
89 
90 
96 
96 
105 
106 
109 
110 
1133 
94 
13.S 
13.7 
15.0 
17.7 
19.0 
19.1 
21.9 
22.5 
27.0 
2B.l 
32.3 
34.3 
264.1 
22.0 
76 
79 
BO 
85 
90 
93 
96 
99 
105 
104 
110 
115 
1132 
94 
12.1 
13.0 
15.9 
16.1 
19.2 
23.0 
24.4 
26.3 
30.2 
30.8 
35.8 
40.8 
287.3 
23.9 
77 
92 
85 
89 
90 
97 
98 
103 
99 
107 
105 
lOB 
1140 
95 
13.7 
14.9 
16.3 
18.1 
20.S 
23.3 
23.7 
26.2 
28.4 
29.4 
31.6 
33.4 
279.5 
23.3 
N 
-V> 
Total 
Average 
Total 
Average 
Net Cage tl 
~ . S 
LUmm WI.! 
94 21 .2 
100 30.7 
102 30 .9 
102 31 .2 
10. 30 .0 
502 148.0 
100 29.6 
UpWetler f1 
FLlmml 
96 
108 
110 
110 
121 
545 
109 
N. S 
WI., 
25.8 
36.5 
42.1 
42.3 
-.6.1 .t 
207.8 
41.6 
Data Poinl1ll3 - Effed of Different Growout Environments 
Net Cage Growoul Environment 8/19/96 Day 18 
Net Cage '2 Nel Cage'3 Net Cage t4 
N.S N.S N .5 
FUmm! WI., FI mm! WI.! FUmml WI.! 
8B 20.1 Bl 1 S.2 84 18.1 
89 22 .4 90 21.2 83 1 B.7 
91 23.6 98 27 .1 108 35.9 
107 33.S 109 36.5 110 37.4 
109 38 .0 lIS 00 .3 113 39.6 
,S( 137.6 493 140.3 498 149.7 
97 27 .5 99 28.1 100 29.9 
Upwelling Growoul Environment - 8/19/96 Day 18 
\JpweIIorl2 Upwellerl3 UpweIIer to 
FLlmml 
Tank .2 
N.12 
9. 
105 
108 
112 
lJ4 
533 
107 
N·S 
WI.I 
25.2 
36.7 
40 .3 
46.1 
48. 
197.1 
39.4 
FLlmml 
100 
101 
108 
109 
119 
537 
107 
N~S 
WI.! 
30.9 
31.' 
36 .9 
37.2 
52.9 
189.3 
37.9 
FUmm! 
100 
100 
lOB 
117 
121 
546 
109 
Standard Circular Tank - 8/17/96 Day 16 
Tank .5 
N=12 
Tank .7 
N_12 
N. 5 
WI.I 
30.5 
30.8 
36.8 
51.0 
56.1 
205.2 
41.0 
Net Cage.S 
N .5 
FLlmm! Wto 
B2 17.2 
91 20.9 
U 24.8 
108 35 .6 
111 ~o 
486 137 .5 
97 27 .5 
Upweller'S. 
Flmml 
Tank.S 
N.12 
101 
102 
106 
113 
114 
536 
107 
N.S 
WI.I 
30.6 
34.7 
36.2 
41.8 
43.4 
186.7 
37.3 
Fllmml WI.I FLtmmL . I WI.l Fl(mml W(o) FUmml WI.I 
Total 
Average 
77 
93 
9. 
94 
99 
104 
102 
104 
103 
109 
112 
113 
120. 
100 
13.6 
22 .8 
23.5 
24.9 
28.4 
30.5 
:\.1 .2 
31.9 
32.5 
38.2 
39.9 
40.1 
357.5 
29.8 
84 
88 
92 
93 
93 
9' 
97 
gg 
107 
109 
110 
113 
1177 
98 
I B. I 
20 .0 
21.7 
22 .' 
22.8 
23.6 
27.0 
28.3 
34.5 
38.8 
40.5 
43.0 
338.6 
28.2 
87 
90 
90 
95 
98 
106 
105 
lOS 
114 
I I 2 
118 
121 
1239 
103 
16.7 
19 .1 
20.8 
25.0 
27.7 
29.0 
31.7 
34.4 
42.9 
44 .8 
47.2 
56.9 
398.8 
33.1 
86 
88 
91 
92 
99 
103 
106 
105 
lOS 
I I 0 
112 
I I S 
1212 
101 
18.7 
19 .5 
22 .1 
2 2.4 
26.3 
32.8 
34.7 
35.3 
3504 
38.8 
42.1 
45.0 
373. I 
31.1 
tv 
"'" 
Total 
Average 
Total 
Average 
Net Cage .1 
m 
94 
106 
107 
108 
o 
525 
105 
20.7 
36.6 
37.8 
38.8 
40.2 
174.1 
34 .8 
Upwell., .1 
N. 
102 
112 
121 
122 
134 
591 
, 18 
34.8 
46.6 
51.5 
51.7 
.3 
278.9 
55.8 
Tank 12 
N .. 12 
Fllmm' 
Total 
Average 
84 
99 
100 
106 
108 
'08 
'09 
111 
111 
"8 
117 
111 
1288 
107 
Dau Point 14 - Eff"". of Different Growout Environments 
Net Cage Growout Environment 8/26/96 Day 25 
Net Cage .2 
N. 
m 
95 
96 
97 
110 
2 
510 
102 
24 .8 
29 .1 
29.1 
38.2 
43.7 
164 .1 
32.9 
Net Cage .3 
FL, 
84 
91 
112 
114 
517 
10' 
·5 
w 
18 .3 
21.0 
31.4 
41.3 
45. 
163.5 
32.7 
Net Cage '" 
N. 
mm 
89 
104 
116 
116 
117 
542 
108 
22.9 
32.1 
H.B 
44 .8 
8 . 
189.9 
38.0 
Upwelling Growout invironment - 8/26/96 Day 25 
UpwalIer.2 
106 
,,3 
'2' 
'22 
592 
118 
W 
31.' 
51.0 
56.3 
82.2 
272.3 
54.5 
Upwallar t3 
=5 
LIm 
11 , 
111 
" 8 
'23 
12 
587 
117 
w 
42.6 
43.5 
48 .4 
49.2 
12.4 
256 .1 
51.2 
Upwellet '4 
N-
FLlm 
113 
114 
114 
129 
131 
601 
'20 
w 
44.0 
46.3 
50.2 
61.1 
10.4 
218 
55.8 
Standard Circular Tank - 8/24/96 Day 23 
Tank '5 TanI< " 
N.12 .-.N_12 
Nel Cage'5 
N=5 
FUmm 
90 
99 
101 
113 
519 
104 
w 
23.7 
28.4 
31.3 
42.0 
46.2 
171.6 
34 .3 
UpweUer .5 
N=. 
FL(mm 
110 
113 
112 
'2' 
5 
581 
116 
42.1 
45.5 
46 .4 
59.7 
6 
255.3 
51.1 
Tankle 
N=12 
Win' FLlmm' WI., FLlmm' WI •• . FLlmml Weal . 
'8.2 
28.6 
2B .9 
30.7 
37.7 
41.3 
•• 1.9 
43.2 
43.5 
50.2 
53.6 
54.7 
412.5 
39 .4 
92 
95 
100 
100 
t07 
106 
108 
108 
112 
113 
115 
lIS 
1271 
108 
21.9 
25.6 
30.6 
30.8 
34.6 
35.0 
36.1 
36.9 
44 .0 
45.2 
51.1 
51.7 
444.1 
37.0 
93 
95 
99 
107 
106 
109 
111 
112 
114 
122 
, 21 
135 
1324 
110 
22.0 
25 .3 
28.4 
38.6 
36.8 
31.5 
43.0 
44.9 
54 .5 
58.1 
58.9 
14.' 
520.9 
43.4 
95 
99 
91 
10' 
102 
109 
116 
116 
117 
116 
122 
123 
1313 
109 
24.5 
2B.4 
29.9 
31.0 
33. 1 
40.9 
42.3 
43.8 
44.1 
45.8 
56.1 
59.6 
480.1 
40.0 
I 
, 
I 
t'" 
-VI 
Total 
Average 
Total 
Average 
Nol Cage .1 
FUmm) 
97 
109 
113 
115 
110 
S44 
109 
N-S 
WI.) 
22.2 
39 .5 
45.2 
46.3 
48.9 
200. 1 
40.0 
Upweller .1 
FUmm\ 
108 
121 
131 
133' 
148 
638 
128 
N.5 
WI.) 
40.4 
57.7 
68.9 
76.2 
98." 
339.6 
67.9 
Data Point liS - Effect of Different Growout Environments 
Net Cage Growout Environment 9/2/96 Day 32 
Net Cage .2 Net Cage '3 Net Cage." 
FUmm) 
100 
102 
102 
113 
115 
532 
106 
N. S 
WI.) 
29.0 
33.3 
34.2 
41.2 
46 .3 
184 
36.6 
FLlmm) 
88 
10. 
108 
118 
113 
531 
106 
N=S 
WI.) 
21.6 
34.7 
36.2 
49.6 
53.2 
197.3 
39.5 
FUmm) 
95 
IDS 
118 
120 
123 
561 
112 
N=S 
Upwelling Growout Environment - 9/2/96 Day 32 
WI.) 
28.1 
38. 1 
50. 1 
51.9 
5 ... . 2 
222.4 
44.5 
Upwaller '2 Upweller '3 Upweller '4 
FUmm) 
117 
130 
132 
135 
141 
655 
131 
N. S 
WI.\ 
49.4 
e8.1 
69.8 
62.1 
65.7 
355.1 
71.0 
FLmml 
120 
121 
122 
125 
140 
628 
126 
N =5 
Wla\ 
55 .6 
56.0 
61.6 
66.0 
90.1 
329.3 
65.9 
FLlmm) 
121 
122 
126 
136 
139 
644 
129 
Standard Circular Tank - 8/31/% Day 30 
N=5 
Wla' 
56.2 
59.1 
63.7 
82 .3 
65.9 
347.2 
69.4 
Tlnk .2 Tank .5 Tank '7 
N=12 N .. 1jL 1'1=12 
Net Cage '5 
FUmm) 
96 
106 
107 
117 
12 1 
547 
109 
N.S 
WI.) 
28 .3 
33.6 
37.1 
46.6 
52.5 
196 .3 
39.7 
Upweller '5 
FLlmm\ 
119 
120 
126 
135 
136 
836 
127 
N.5 
WI.\ 
55.6 
57.8 
60.1 
74 .2 
78.9 
326.6 
65.3 
Tank.9 
_N=12 
FLlmml WIGI fLlmml W(1Il FLfmml W(gl FLlmmL Wfol. 
Total 
Average 
95 
104 
109 
110 
118 
IU 
121 
126 
125 
130 
13S 
1l!4 
1426 
119 
26.8 
39.0 
39.4 
41.9 
60.0 
54 .8 
5?,A! 
61.4 
81.9 
65.9 
74.0 
.I!.2.. 
847.1 
53.9 
97 
106 
112 
111 
115 
116 
115 
118 
122 
128 
125 
...1.3.L 
1394 
116 
28.8 
36.2 
41.8 
43.5 
47.3 
46 .6 
49.1 
52.6 
59.9 
81.3 
84.0 
69.7 
602.8 
50.2 
97 
100 
10' 
114 
115 
117 
120 
122 
130 
134 
134 
Ha 
1433 
119 
26.7 
31.0 
34,4 
44 .5 
48.9 
49.3 
51.2 
61.5 
73 .0 
74.3 
75.7 
95.6 
666.1 
55.5 
106 
109 
109 
115 
118 
I I 5 
120 
122 
124 
128 
138 
_HI.. 
1435 
120 
37 .2 
40 .4 
42.9 
48 .2 
49 .4 
5 ... . ... 
81.2 
62.8 
84.1 
e8.5 
80.0 
-.B1I...3.. 
689.2 
57.4 
N 
-
'" 
Total 
Average 
Total 
Average 
Nel Cage . 1 
FUm",) 
97 
112 
115 
118 
118 
560 
112 
N =5 
WIO} 
22 .0 
43.4 
46 .7 
50.2 
50.6 
214.8 
43.0 
Upwelle, " 
FUmm! 
115 
128 
137 
141 
i4. 
870 
134 
N=S 
WI.! 
45.2 
62.5 
77.2 
86.7 
101 .0 
373.0 
74.6 
Data Point 116 - Effect of Different Growout Environments 
Net Cage Growout Environment 9/8/96 Day 38 
Net Cage , 2 Net Cage '3 Nel Cage.4 
N=5 N . 5 N =5 
FUmm} WI.} FUmm) . WI.) FUmm) WlaL 
102 
108 
104 
116 
117 
545 
109 
32.2 
37.1 
39.6 
46.5 
51.7 
207.1 
41.4 
92 
109 
112 
122 
128 
563 
113 
24.6 
39.5 
43.8 
56.8 
59.8 
224.5 
44.9 
99 
118 
,22 
.24 
'26 
589 
118 
Upwelling Growout Environment - 9/8/96 Day 38 
31 .9 
48 .1 
55.5 
57 .5 
59 .2 
252.2 
50.4 
Upwelle, .2 Upwelle, .3 Upweller .4 
FUmml 
Tank 12 
N=12 
125 
13. 
135 
142 
147 
683 
88 
N=5 
WI.! 
61.2 
81.0 
84 .5 
93 .6 
.OS9 
426.2 
85.2 
FUmm! 
12. 
126 
127 
132 
146 
655 
13' 
N =5 
WI.! 
61.1 
64.6 
70.3 
75 .0 
98 .3 
369.3 
73.9 
FUmm! 
124 
128 
137 
139 
140 
668 
134 
Standard Circular Tank - 917/96 Day 37 
Tank '5 
N.l~ 
Tank .7 
--"~ 
N. 5 
WI.! 
62.4 
86. ' 
89.3 
87.8 
90.1 
379.7 
75.9 
Nel Cage .:, 
FUmm) 
'00 
"0 
'11 
.21 
124 
588 
113 
N=5 
Wlo} 
34 . , 
39.8 
42 .7 
52.9 
57 
226.5 
45.3 
Upwelle, .5 
FUmm 
Tank.9 
JE12.. 
123 
126 
128 
13B 
142 
655 
131 
~ =5 
WI.! 
62.9 
65.6 
66.6 
79.2 
8&.6 
362.9 
72.6 
FummLl. WllIl. .B.!mml l~ Flfmm;--' Winl FUmm) Wig) 
Total 
Average 
100 
115 
117 
118 
129 
131 
131 
132 
129 
133 
140 
_u.a 
1521 
127 
35.2 
48.6 
50.9 
52.1 
63.4 
6&.8 
8S'l 
71.5 
73.5 
7B.4 
90. 1 
~ 
791.8 
66.0 
106 
113 
II. 
120 
122 
128 
126 
132 
129 
135 
135 
i39 
1499 
126 
36.3 
47.2 
50.7 
55.6 
56 .2 
59 .& 
63 .6 
70.3 
73.9 
75.2 
75.4 
88.2 
750.4 
62.5 
102 
105 
107 
118 
122 
123 
128 
134 
140 
142 
145 
152 
1518 
127 
31 .1 
37 .2 
40.5 
54 .5 
57 .5 
57 .9 
62 .2 
73.2 
84.9 
90.0 
95.2 
112.,L 
796.9 
66.4 
liD 
112 
114 
'20 
126 
126 
132 
133 
130 
136 
136 
~ 
1520 
127 
42.3 
44 .8 
47 .2 
54 .8 
62 .5 
63.7 
69 .0 
74.9 
77 .8 
82.0 
89.8 
9§A. 
805.0 
87.1 
'" 
-l 
Total 
Average 
Total 
Average 
Not Cage .1 
FUmm' 
97 
116 
120 
123 
125 
581 
115 
N •• 
WI.' 
24.8 
50.8 
56.6 
59.2 
59 .6 
251.0 
50.2 
Upwe/Ier.l 
FUmm' 
114 
125 
134 
144 
150 
687 
133 
N=' 
wr., 
58.2 
76.6 
91.8 
110 .5 
116.3 
453.4 
BO.7 
Data Point #7 - Effect of Different Growout Environments 
Net Cage Growout Environment 9/16/96 Day 46 
Net Cage.2 Nel Cage'3 Nel Cage ,. 
FLJmml 
106 
110 
110 
118 
120 
564 
113 
N=5 
WJal 
36 .2 
42.3 
44.9 
50.7 
55.1 
229.2 
45.8 
FUmm\ 
94 
115 
118 
128 
133 
588 
118 
N=5 
W!llL 
27.1 
46.3 
51.7 
84.1 
68.2 
257.4 
51.5 
FLlmml 
104 
127 
128 
130 
131 
620 
124 
N. 5 
Upwe1Jing Growout Environment - 9/16/96 Day 46 
WllIL 
37 .3 
59.1 
64 .5 
68 .0 
66.1 
29' 
58.6 
Upweller .2 Upwalilf t3 UpwelMtJ ... 
FUnvn' 
131 
1'0 
145 
150 
158 
724 
145 
N ~5 
Wlal 
67 .1 
68.4 
94 .8 
102 .B 
121.5 
474.6 
94.9 
F1 rmml 
128 
134 
135 
139 
150 
686 
137 
N "5 
Wlal 
71.0 
77 .9 
81.6 
B5.8 
104.5 
420.8 
84.2 
FUmml 
130 
136 
147 
149 
562 
141 
Standard Circular Tank- 9/14/96 Day 44 
N •• 
W/.l 
72 .9 
76.9 
104 .0 
110.8 
384.6 
91.2 
Tank .2 rank .5 Tank .7 
N.2 N. 2 N=12 
Nat Cage '5 
FbLmm~ 
107 
116 
116 
126 
128 
5B3 
119 
N=5 
WJgL 
41.4 
46.7 
50.8 
60.1 
66.1 
265. 1 
53.0 
Upwetler '5 
N=S 
FLlmml 
122 
122 
122 
132 
13L .. 
634 
127 
W, "I 
69 .3 
70 .4 
70.8 
86 .9 
_J!~. 
396 
79.2 
Tank.9 
N=12 
FUmm' WI.' FUmm' WI., FUmml WI.' HIm'"' WI., 
Tolal 
Average 
113 
126 
125 
127 
134 
136 
139 
139 
141 
142 
151 
154 
1827 
138 
4B. l 
60 .0 
84 .0 
65 .3 
76 .8 
82 .8 
1J3 . ~; 
B4 .7 
B9.3 
90.3 
107.8 
113.2 
964.2 
80.' 
114 
120 
127 
125 
128 
132 
134 
,.0 
139 
139 
14. 
148 
1 ~88 
132 
44.4 
56.4 
61.8 
64 .B 
68 .7 
70 .8 
78 .0 
85.7 
85.9 
86.7 
93.1 
101.7 
897.8 
74.8 
104 
110 
109 
123 
128 
125 
131 
139 
143 
148 
149 
160 
1589 
131 
32.9 
42.2 
43.2 
56.8 
82.4 
83.5 
69.8 
84 .0 
93.9 
102.B 
109 .9 
129.5 
891.0 
74 .3 
115 
118 
121 
125 
131 
137 
137 
139 
141 
151 
148 
163 
1816 
135 
46.5 
49.7 
54 .8 
64.8 
71.2 
78.9 
81.2 
87 .0 
89.1 
98 .8 
105.1 
115.8 
942.9 
78.8 
i 
tv 
-DO 
Total 
Average 
TOlal 
Average 
Net Cag.'1 
FUmm> 
97 
121 
125 
128 
128 
599 
120 
N. S 
WID> 
22.5 
57.2 
61.7 
64.2 
65.7 
271.3 
54.3 
UpweUer .1 
FUmm) 
130 
142 
150 . 
154 
157 
733 
147 
N . 5 
WI.) 
68.3 
89 .1 
104.1 
119.4 
128.3 
507.2 
101.4 
Data Point '8 - Effect of Different Growout Environments 
Net Cage Growout Environment 9/23/96 Oay 53 
Not Cage .2 Net Cage.3 Net Cage .4 
FUmm> 
107 
114 
115 
121 
124 
581 
116 
~ =5 
WID> 
38.3 
48.1 
50.7 
55.1 
59.8 
253.2 
50.6 
FUmml 
97 
120 
124 
132 
138 
611 
122 
N . s 
WID> 
2804 
52.1 
59.5 
69.0 
77.0 
286.0 
51 .2 
FUmm' 
109 
134 
135 
136 
136 
650 
130 
N:S 
Upwelling Growout Environment - 9/23/96 Day 53 
WID' 
42.4 
72.3 
73.8 
73.7 
H.4 
336.4 
87.3 
Upwellor t2 Upweller .. 3 UpweUer ... 
FUmm) 
135 
150 
154 
163 
602 
151 
N _4 
WI.) 
79.9 
109.9 
121.0 
139.8 
450.4 
112.8 
FLlmml 
132 
142 
140 
144 
153 
711 
142 
N-5 
WIDl 
80.1 
92.0 
94.0 
100.8 
117 .0 
484.5 
96.9 
F~lmm) 
139 
142 
157 
184 
602 
lSI 
Standard Circular Tank - 9/21/96 Day 51 
N:4 
WI.) 
88.2 
95.0 
122.7 
135.8 
441.7 
110.4 
Net Cage.5 
FL mm\ 
114 
122 
122 
130 
133 
621 
124 
N:5 
WID' 
47 .2 
53.7 
57.8 
67.0 
73.0 
298 .7 
59.7 
Upweller .5 
Hlmm) 
133 
134 
137 
142 
153 
699 
140 
N:5 
WI.) 
73.2 
76.5 
78 .0 
92.3 
107.3 
427.3 
85.5 
Tank '2 Tan\c IS Tanl< t7 TlnU9 
Total 
Average 
FUmm) 
,07 
'24 
125 
126 
137 
139 
140 
141 
142 
142 
158 
154 
1835 
136 
N=12 
WI.) 
43.9 
55.4 
59.0 
65.7 
76 .5 
83 .9 
8',1l 
86.4 
90 .7 
94.8 
113.1 
121.5 
974.7 
61.2 
FLlmm 
121 
128 
'33 
133 
139 
134 
142 
147 
150 
148 
152 
156 
1863 
140 
N=12 WI., 
52.0 
68.7 
71 .4 
75.7 
81.7 
83.0 
93.3 
97.'" 
104 .0 
105 .1 
:~:. ~ 
1054.8 
87 .9 
FUm",) 
106 
124 
123 
126 
130 
135 
139 
145 
148 
157 
165 
169 
1869 
139 
N.'2 
WID) 
40.7 
52.5 
52.9 
65.2 
70 .9 
71.5 
82 .5 
99.8 
105.8 
119.6 
129.8 
150.1 
1047.4 
87 .3 
FLlmm) 
126 
127 
130 
136 
136 
139 
137 
150 
149 
158 
: ~: 
1706 
142 
N. 12 
w,., 
57 .7 
62.7 
64.4 
76.7 
81.1 
93.4 
94.1 
97 .6 
103.4 
116.2 
!!~.~ 
1095.1 
81.3 
N 
~ 
'" 
Totat 
Average 
T.tal 
Average 
Nel Cage '1 
FLlmm 
97 
126 
130 
133 
133 
819 
124 
~ - 5 
WI.l 
23.4 
63.3 
70.9 
74.6 
75.0 
307 .2 
61.4 
UpwoIIa< '1 
FLlmml 
127 
141 
149 
159 
182 
736 
148 
--'! 
." 
WI., 
67 .4 
91.6 
104.5 
125.3 
1270 
515.8 
103.2 
Data Point '9 - Effect of Different Growout Environments 
Net Cage Growout Environment 9/3/96 Day 60 
Nel Cage .2 Nel Cage.3 Nel Cage •• 
FLlmml 
111 
120 
119 
126 
128 
604 
121 
N=5 
Win' 
41.0 
57.3 
59.3 
82.3 
71 .9 
291.8 
58.4 
Fl[mm\ 
100 
125 
130 
137 
143 
635 
127 
N=5 
Wlnl 
30.0 
62.8 
71.3 
80.9 
85.1 
330.1 
66.0 
Fllmml 
1\4 
142 
142 
140 
143 
881 
136 
N=5 
Upwelling Growout Environment - 9/?AJ/96 Day 60 
Weol 
49.6 
87 .1 
89.3 
90.9 
91.3 
408 .2 
Bl.6 
UpweUer .2 IJpwolJerl3 Up_r" 
FLlmml 
139 
157 
156 
189 
621 
155 
N-4 
WI., 
81 .3 
117 
123.Q 
148.4 
470.8 
117.7 
FLlmm\ 
137 
148 
148 
150 
157 
740 
148 
N=~ 
Wln\ 
87 .7 
100.1 
108.1 
110.0 
125.1 
531 
106.2 
Llmm\ 
140 
145 
156 
180 
801 
150 
Standard CircularTank-9/28/96 Day 58 
~ =4 
WI.\ 
93.2 
100 .0 
127.7 
140.8 
461.7 
115.4 
Net Cage .5 
FUmml 
117 
125 
126 
134 
140 
642 
128 
N=5 
WI., 
54.5 
62.6 
67.0 
75.5 
85.4 
345 .0 
69.0 
UIM"I"" '5 
Fllmm\ 
145 
144 
145 
146 
151 
731 
146 
N=5 
WI., 
94 .2 
94 .6 
96.1 
99.1 
Itl.7 
495.7 
99.1 
Tank 12 Tank .5 Tank 17 rlnk.9 
Total 
Average 
FLlmml 
119 
128 
128 
134 
142 
145 
146 
146 
148 
147 
163 
181 
1706 
142 
N-12 
WI.I 
50.0 
62.6 
63.5 
78.2 
85 .7 
95.7 
97.T; 
98.9 
99.7 
105 .4 
128.5 
135.8 
1099.5 
91.6 
Flfmm\ 
125 
135 
138 
137 
140 
145 
146 
151 
152 
154 
ISS 
180 
1738 
145 
N. 2 
WI.\ 
58 .2 
79. 1 
80.1 
84.6 
90 .9 
92 .7 
101.7 
106 .5 
115.1 
117 .4 
118.7 
126.7 
1171.7 
97.8 
F mml 
113 
125 
127 
134 
137 
145 
146 
157 
156 
158 
170 
176 
1744 
145 
N=12 
WI.\ 
47.9 
62.8 
67.4 
73. 1 
81.4 
94.9 
97 .2 
121.4 
128.0 
143.8 
182.0 
178.8 
1284.5 
105.4 
Flfmm\ 
128 
131 
134 
142 
142 
155 
154 
157 
156 
161 
185 
189 
17g4 
150 
Na:; 12 
WI,\ 
64 .1 
71 .9 
72 .1 
88.3 
94 .3 
116 . t 
117 .1 
121.0 
127.8 
133.5 
137.7 
180.1 
1302.8 
108.6 
Total 
Average 
N I '" 0 
Total 
Average 
Data Point 110 • Effect of Different Growout Environments 
Net Cage Growout Envirorunent 10/7/96 Day 67 
Net Cage.1 Net Cage.2 Net Cage.3 Net Cage'4 Net Cage'5 
N.S N =5 N =5 N_S N=S 
FUmml WI. I FL mml WIDI FUmm WI.\ FUmm WI.I F mm\ WI, 
97 25.2 114 45.3 103 34.7 120 57.3 124 67.1 
132 72.5 126 66.4 132 76.1 148 104.3 134 76.4 
138 82.0 128 66.8 136 83.6 147 105.7 136 81.7 
140 86.9 126 68.6 143 94.7 151 111.1 140 87.8 
87~3 132 ., 0 H8 100.4 150 _112.8 _H4 9i.4 
843 353.9 626 328.1 682 389.5 718 491.2 878 412.4 
129 70.8 125 65 .6 132 77.9 143 98.2 138 82 .5 
Upwelling Growout Environment· 10/7/96 Day 67 
llpwallar .. Upweller .2 Upweller 13 Upwailar 14 UpweIIer '5 
11>-5 N=4 N=5 _N .4 N.5 
WI.I FUmm\ WI.' ELlIllm' WI.' FUmm WI.' FLlmm} W 
132 77 .4 145 95.4 144 103.9 144 96 .9 151 102.8 
144 104.2 161 135.0 155 117.2 153 112.3 154 103.7 
151 118.7 162 140.6 157 128.8 183 13S.7 152 105. I 
161 132.2 178 172.S 158 129.4 165 155.2 155 109.3 
156 137.1 183 139.5 158 121.1 
746 569.6 844 543.3 777 618.8 625 601.1 770 542.4 
149 113.9 161 135.8 155 123.8 156 125.3 154 108.5 
Standard CircularTank-1O/5/96 Day65 
Tank '2 rank .5 Tank 17 Tank'9 
Total 
Average 
FUmml 
124 
130 
131 
138 
145 
149 
150 
150 
150 
151 
187 
164 
1749 
146 
N=12 
WI.' 
56.7 
63.5 
67.6 
86.3 
90 .1 
100.1 
102.'3 
105.5 
107.8 
111.7 
136.7 
146.3 
1174.6 
97.9 
FUmm\ 
130 
141 
143 
142 
146 
151 
150 
156 
161 
161 
180 
186 
1805 
150 
N= 12 
WI.\ 
62 .9 
87 .1 
89.2 
92.2 
100 .4 
105 .5 
108.3 
116.9 
129.1 
129.3 
130.6 
137.1 
1288.6 
107.4 
FUmm\ 
120 
131 
135 
139 
140 
150 
152 
167 
189 
176 
184 
187 
1850 
154 
N-12 
WI •• 
57.0 
71.9 
78.5 
82.8 
90.9 
109.0 
110.4 
136.9 
143.0 
166.3 
191.6 
208.8 
1445.1 
120.4 
FUmm\ 
Complete 
Mortality 
o 
o 
N =0 
WI.\ 
Complete 
Mort.lily 
o 
o 
~ 
-
Total 
Average 
Total 
Average 
Net Cage'1 
FLlmm' 
97 
137 
142 
145 
14. 
667 
133 
''1=;:) 
WI., 
25. I 
80.3 
91.3 
97.6 
99.6 
394.1 
78.8 
Upweller ., 
FLmml 
139 
148 
ISS 
165 
163 
770 
154 
N=S 
WI.) 
83.6 
1 11.8 
126.4 
140.1 
145.2 
607.1 
121.4 
Data Point #11 - Effect of Different Growout Environments 
Net Cage Growout Environment 10/13/96 Day 73 
Net Cage .2 Net Cage.3 Net Cage.4 
FLlmm 
118 
133 
139 
131 
138 
859 
132 
N=:::t 
Wlc' 
51.2 
72.7 
14.2 
75.5 
88.8 
360.' 
72.1 
FUmml 
IDS 
139 
142 
148 
I" 
687 
137 
N=a 
WI., 
36.8 
83.2 
91.8 
101.2 
1!!li.5 
419.5 
83.9 
FUmml 
124 
154 
153 
156 
159 
746 
149 
t'4~ 
WI., 
64. I 
110.2 
111. 7 
120.9 
i268 
533.5 
106.7 
Upwelling Growout Environment -10/13/96 Day 73 
Upweller '2 Upwell ... 3 Upweller '4 
FLmml 
151 
168 
167 
179 
663 
166 
N=4 
WI.) 
108.1 
142.3 
150.0 
180.7 
581.1 
145.3 
FLfmm) 
145 
160 
162 
162 
166 
795 
159 
N=5 
Win) 
108.9 
130.1 
139.3 
141.7 
145.6 
865.6 
133.1 
FLfmm' 
145 
157 
16. 
168 
63. 
159 
Standard Circular Tank -10/12/96 Day 72 
N=. 
Wlnl 
102.7 
117.6 
143.9 
163.9 
528.1 
132.0 
Net Cage IS 
F!,lml!!L 
130 
140 
1'1 
146 
149 
708 
141 
N~ 
W.llIL 
74.3 
83.1 
89.6 
94.4 
104.3 
445.7 
89.1 
Upwellsr .5 
FLfmm) 
154 
153 
154 
158 
161 
778 
156 
N=5 
Win) 
107.5 
108.7 
111.7 
114.7 
124.6 
567.2 
113.4 
Tank '2 Tank .5 Tank ,7 Tank.9 
Total 
Avemge 
FLfmm' 
130 
133 
134 
145 
14B 
H3 
156 
155 
157 
156 
172 
171 
1810 
151 
n=liIi: 
WI.) 
63.3 
67.0 
69.2 
97.5 
97.9 
106.2 
lIS., 
116.0 
116.9 
122.7 
147.2 
'.~.2 
1282.' 
106.9 
FLtmm) 
132 
143 
148 
146 
150 
155 
154 
180 
166 
168 
164 
I1n 
1854 
155 
'''=1 
Wln\ 
67.1 
91.9 
97.2 
101.1 
108.1 
112.6 
114.1 
126.0 
138.0 
138.6 
140.0 
..... 
1381.5 
115.1 
FLlmm\ 
128 
137 
141 
145 
154 
160 
159 
172 
175 
182 
185 
1.9.2 
1930 
181 
""=,4:: 
Win) 
71.6 
8 .. .4 
95.5 
97.2 
107.3 
130.1 
130.8 
153.7 
176.2 
192.7 
222.4 
235.9 
1697.8 
141.5 
FLmm' 
Complete 
Morlallty 
o 
o 
... = 
Wln\ 
Complete 
Mortality 
o 
o 
-' 
I 
'" t-> 
Iv 
Total 
Average 
Total 
Average 
Data Point '12 - Effect of Diffenont Growout En ... ironmenls 
Net Cage Crowout En ... ironment 10/22/96 Day 81 
Not Cage ., Net Cage .. 2 Net Cage .3 Net Cage.4 Nel Cage IS 
FLlmml 
98 
143 
148 
152 
154 
695 
139 
N- 5 
weDI 
27.7 
92.3 
105.4 
115.0 
117.9 
458.3 
91.7 
FUmml 
124 
138 
138 
136 
144 
680 
136 
N-S 
weDI 
58 .4 
80.0 
84.8 
81 .0 
98 .5 
408 .7 
81.3 
FUmml 
II. 
148 
149 
154 
168 
721 
144 
N=5 
weD I 
48.3 
99.2 
109. I 
117.9 
119.6 
494.1 
98.8 
FLemm 
133 
157 
158 
160 
167 
775 
155 
N 
-& 
Upwelling Crewout Environment -10/22/% Day 81 
WIDI 
61 .7 
119. I 
120.8 
133.7 
146.1 
587.2 
117. 4 
FUmml 
139 
148 
150 
149 
154 
740 
148 
N=5 
Weal 
81.0 
97.6 
98. I 
10S.6 
111 .6 
493.9 
98.8 
UpwulIolll Upwollor .2 Upweller .3 UpweIel.4 Upweloll5 
fLlmml 
147 
155 
162 
170 
119 
803 
181 
N=S 
Total 
Average 
Wlal 
91.5 
124 .8 
131.1 
147 .7 
155.1 
850.2 
130.0 
FLlmml 
Tank .2 
--"""1.2 
156 
172 
172 
187 
887 
172 
FJ.Lmml I WIDI 
134 65.4 
134 88.1 
135 71.0 
152 100.2 
149 10S.0 
156 t , .. . 1 
160 12.?0 
182 130.6 
162 132 .0 
182 138.9 
179 160.9 
17S 175.7 
1S60 
155 
1388.9 
115.7 
N =4 
WIn' 
128.2 
157.4 
163.3 
200.1 
647.0 
181.8 
FLlmml 
154 
168 
168 
170 
171 
831 
188 
N =S 
WlaL 
119.0 
152.0 
155.1 
158.8 
168. I 
751.0 
IS0.2 
FLlmm' 
lSI 
162 
171 
174 
658 
165 
Standard Circular Tank - 10/19/96 Day 79 
Tank '5 
~ 
FUmm} Wfa) 
133 67 .8 
148 97 .8 
152 103.0 
152 110.4 
151 118.4 
15 7 119.9 
181 124 .8 
165 139.4 
172 149.0 
172 149.4 
170 158.1 
174 158.5 
1907 
159 
1490.5 
124.2 
Tank 17 
N=12 
Hmm\ 
140 
,., 
149 
153 
159 
183 
185 
176 
180 
186 
198 
198 
2006 
167 
WID) 
82 .8 
89 .8 
104 .3 
107.3 
116.7 
139.3 
141.5 
170.2 
190.5 
204.3 
241 .3 
242.0 
1829.8 
152.5 
~ =4 
WIDl 
\10 .5 
127.9 
152.7 
114 .3 
565.4 
141.4 
FUmml 
Tank'9 
N=O 
156 
158 
158 
160 
162 
794 
159 
FUmm) Weal 
Complete Complete 
Mortality Mortaiity 
o 
o 
o 
o 
N-S 
Wi.} 
113.7 
117 .6 
121.7 
127.9 
135 .9 
616.8 
123.4 
t:i 
w 
Total 
Average 
Total 
Average 
Net Cage" 
FL mml 
98 
147 
153 
158 
162 
718 
144 
N •• 
W'"' 
25.7 
98.9 
112.7 
127.7 
131.0 
496.0 
99.2 
Upweller .1 
FUmm 
150 
161 
165 
172 
175 
823 
165 
N=5 ... -~
Win' 
101.2 
142.3 
143.3 
160.4 
172. 
719.B 
144.1 
Data Point #13 - Effect of Different Growout Environments 
Net Cage Growout Environment 10/28/96 Day 88 
Net Cage '2 Net Cage .3 Net Cage'4 
N_5 Jl=§ N=5 
FUmm' Win' FUmlTlL W~ FUmml WIO} 
128 
143 
142 
144 
151 
70B 
142 
65.0 
90.5 
96.1 
101.1 
l1n.2 
462.9 
92.6 
116 
152 
156 
160 
lB3 
747 
149 
50.9 
106.8 
119.3 
125.6 
130.4 
533 
106.6 
137 
158 
161 
16B 
170 
794 
159 
72.3 
124.8 
129.5 
149.2 
~1.1 
636.9 
127.4 
Upwelling Growout Environment -10/28/96 Day 88 
Upwellet .2 Upweller .3 Upwellsr .4 
FLlmm' 
Tank '2 
N=12 ,,.  I C. 
166 
176 
177 
190 
709 
177 
N=4 "'--~ 
W'.' 
141.1 
170.5 
178.6 
211.6 
701.8 
175.5 
FUmm' 
156 
173 
175 
174 
177 
855 
171 
N=5 I'I"'~
Win' 
128.6 
163.B 
166.8 
172.1 
lA'.' 
815.7 
163.1 
FUmm) 
156 
167 
173 
17B 
67. 
169 
Standard Circular Tank - 10/26/96 Day 86 
Tank '5 
N=12 n  I c.
Tank .7 
N=12 n  lC.
N=' ." ..... 
WIgL 
119.0 
138.9 
160.0 
186.0 
603.8 
151.0 
Net Cage.5 
FL mm...l.. 
144 
153 
154 
159 
158 
768 
154 
N=5 
WillL 
94.7 
113.6 
115.6 
120.2 
123.8 
567.9 
113.6 
Upwelle, .5 
FUmm 
Tank'9 
N_O I'I U
157 
163 
163 
165 
167 
815 
163 
N==5 I.-~
W'n' 
126.3 
131.8 
133.0 
140.6 
14i.4 
681.1 
136.2 
FLlmm' Wlnl FLlmm' Wlnl FL mml Wlnl FLlmml Wlnl 
Total 
Average 
136 
135 
136 
156 
152 
158 
163 
166 
166 
167 
182 
178 
1895 
158 
70.0 
71.9 
73.2 
106.6 
1134 
118.9 
139(1 
141.9 
142.7 
150.1 
188.1 
189.4 
1485.3 
123.8 
136 
150 
154 
155 
160 
158 
164 
169 
175 
175 
178 
176 
1950 
163 
71.2 
103.7 
106.0 
117.7 
125.9 
126.9 
135.B 
150.5 
167.0 
160.3 
181.9 
169.9 
1586.8 
132.2 
144 
150 
153 
156 
163 
168 
175 
180 
185 
189 
204 
206 
2073 
173 
94.3 
99.B 
109.7 
122.B 
130.4 
152.5 
160.6 
176.4 
210.2 
221.9 
247.7 
251.7 
197B.0 
164.8 
Camplele 
Morlality 
o 
o 
Complete 
Mortality 
o 
o 
N 
~ 
Total 
Average 
Total 
Average 
Net Cage" 
FLlmml 
100 
148 
153 
161 
167 
729 
146 
N.5 
WIQI 
29.7 
105.3 
121 .0 
1"0.7 
148.8 
543.5 
108.7 
UpweUor .1 
FUmm! 
155 
165 
170 
175 
176 
841 
168 
N·5 
WIQ! 
113.6 
152.6 
153.8 
162.6 
119.4 
762 
152.4 
Data Point 1114 - Effect of Different Growoul Environments 
Net Cage Growout Environment 11 /4/96 Day 95 
Net Cage '2 Net Caga '3 Nel Caga.4 
FUmm 
131 
145 
150 
154 
'58 
738 
148 
N=5 
Wlol 
70.2 
98.4 
101 .2 
111 .6 
120 .5 
501.9 
100.4 
FUmml 
120 
157 
163 
163 
168 
769 
154 
N .5 
Wlol 
56.0 
122.5 
132.1 
137.3 
143.2 
591.1 
118.2 
Flfmm\ 
, 39 
160 
166 
'72 
176 
813 
163 
N=5 
Upwelling Growout Environment - 11/4/96 Day 95 
Wlol 
85 .9 
140.6 
144.7 
165 .6 
177 .8 
714.6 
142.9 
Upwellet 12 UpweI\et 13 UpwdIer ... 
FUmm! 
170 
180 
178 
192 
720 
180 
N=4 
Wlo' 
145.1 
173.5 
180.9 
214 .0 
713.5 
178.4 
FUmm' 
160 
175 
175 
176 
181 
867 
173 
N . 5 
Wlo' 
135.2 
171.5 
172.7 
178.1 
195.0 
850.5 
171.2 
FUmm' 
, 59 
169 
174 
180 
681 
170 
Standard Cirrular Tank - 11/3/96 Day 94 
N=4 
Wlo' 
121.6 
143.7 
164.8 
189.1 
819.2 
154.8 
Net Cage .5 
FLmml 
148 
153 
154 
160 
183 
778 
158 
N.5 
Wlol 
100 .6 
120.3 
123.6 
128 .6 
133 .8 
606.7 
121.3 
Upwellsr .5 
Flmml 
162 
185 
16B 
189 
113 
835 
167 
N.5 
Wla' 
137.0 
139.1 
142.6 
149 .1 
1547 
722.5 
144.5 
Tank 12 Tlnk .5 Tank .7 Tank.g 
Total 
Average 
Umm' 
137 
139 
145 
159 
158 
183 
114 
170 
175 
172 
187 
'86 
1085 
184 
N.12 
WIQ' 
75.1 
79.5 
88.2 
117 .9 
129 ,0 
129 ,8 
155.l/r 
158 .8 
160.8 
185 .5 
180 .8 
210.:1 
1649.3 
'37 .4 
FUmml 
137 
156 
154 
159 
163 
162 
171 
173 
179 
190 
180 
IBI 
2005 
167 
N.12 
Wla' 
73.4 
112.8 
113.5 
124 .3 
132.3 
137.3 
147.2 
156.4 
163 .9 
167.5 
169.8 
177.7 
1676.1 
139.7 
FLlmm' 
153 
154 
158 
163 
166 
180 
178 
185 
190 
191 
202 
207 
2127 
177 
N. 12 
Wlal 
107.5 
109.4 
121 .7 
138.3 
144.9 
171.4 
181.2 
202.3 
220.9 
223.7 
259.2 
268.0 
2148.5 
179.1 
FLlmml 
Complele 
Mortality 
o 
o 
N ·0 
Wla' 
Complete 
Mo~.!lIy 
o 
o 
Appendix B-3 Experiment #2 Water Quality 
Wale, Total 
r,mpar.ture SalinIty pH DO AmmonIa 
DATE TANK (OC) (DDt) (mg/L) (DDml 
8/1/96 C1 29.7 24.3 8.1 5 .0 <0 .2 
C2 29 .7 24.3 8.1 5 .0 <0.2 
C3 29.7 24.3 8.1 5.0 <0.2 
C4 29.7 24.3 8.1 5 .0 <0.2 
C5 29.7 24.3 8.1 5.0 <0.2 
Ul 29.4 24.3 8.2 5. 2 <0.2 
U2 29.4 24.3 8.2 5 .2 <0.2 
U3 29.4 24.3 8.2 5.2 <0.2 
U4 29.4 24.3 8.2 5.2 <0.2 
US 29.4 24.3 8.2 5.2 <0.2 
1'2 29.3 24.3 8.2 5 .2 <0.2 
T5 29.3 24.3 8.2 5 .2 <0.2 
17 29.3 24.3 8.2 5 .2 <0.2 
'I'J 29.3 24.3 8.2 5.2 <0.2 
8/10/96 CI 28.1 25.0 8.0 6 .0 <0.2 
C2 28.1 25.0 8.0 6 .0 <0.2 
C3 28.1 25.0 8.0 6.0 <0.2 
C4 28.1 25.0 8.0 6.0 <0.2 
C5 28.1 25.0 8.0 6.0 <0.2 
UI 28.0 25.5 8.1 6.9 <0.2 
U2 28.0 25.5 8 . 1 6.9 <0.2 
U3 28.0 25.5 8 . 1 6 .9 <0.2 
U4 28 .0 25.5 8 . 1 6 .9 <0.2 
US 28.0 25.5 8 . 1 6 .9 <0.2 
8/12/96 1'2 27.8 25.5 8 . 1 6 .8 <0.2 
T5 27.8 25.5 8 .1 6 .8 <0.2 
17 27.8 25.5 8.1 6.8 <0.2 
'I'J 27.8 25.5 8.1 6 .8 <0.2 
:> 
8/19/96 CI 28.3 24.8 8.2 5.8 <0.2 
C2 28.3 24.8 8.2 5 .8 <0.2 
C3 28.3 24.8 8.2 5.8 <0.2 
C4 28.3 24.8 8.2 5 .8 <0.2 
CS 28.3 24.8 8.2 5.7 <0.2 
UI 28.5 24.8 8.1 6 .2 <0.2 
U2 28.5 24.8 8.1 6 .2 <0.2 
U3 28.5 24.8 8.1 6 .2 <0.2 
U4 28.5 24.8 8 .1 6 .2 <0.2 
US 28.5 24.8 8.1 6 .2 <0.2 
8/17/96 1'2 28 .0 25 .2 8.2 6 .5 <0.2 
T5 28.0 25.2 8.2 6 .5 <0.2 
17 28.0 25.2 8.2 6 .5 <0.2 
'I'J 28 .0 25 .2 8.2 6 .5 <0.2 
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Appendix 8-3 Continued 
Wale, Tolal 
Temper.tur. Sallnlly pH DO Ammonia 
DATE TANK (Oel (DDt) (ma/LI (DDml 
8/26/96 Cl 27.5 26 .6 8.4 6.8 <0.2 
C2 27 .5 26 .6 8.4 6.8 <0.2 
C3 27.5 26.6 8.4 6.8 <0.2 
C4 27.5 28.8 8.4 6.8 <0.2 
CS 27.5 26.6 8.4 6 .8 <0.2 
U1 26.4 26 .8 8.4 7.0 <0.2 
U2 26.4 26 .S 8.4 7.0 <0.2 
U3 26.4 26.S 8.4 7.0 <0.2 
U4 26 .4 26.6 8.4 7 .0 <0.2 
US 26.4 26.S 8.4 7.0 <0.2 
8/24/96 1'2 27.9 2~.7 8.1 6.8 <0.2 
TS 27.9 25 .7 8.1 6.9 <0.2 
17 27.9 25 .7 8.0 6.8 <0.2 
T9 27.9 2~.7 8.0 6.8 <0.2 
9/2/96 Cl 27.7 26.3 8 .2 6 .4 <0.2 
C2 27.7 26 .3 8.2 6.4 <0.2 
C3 27.7 26.3 8.2 6.4 <0.2 
C4 27.7 26 .3 8.2 6.4 <0.2 
C5 27.7 26.3 8 .2 6.4 <0.2 
U1 27.2 26.3 8.2 6.9 <0.2 
U2 27.2 26.3 8.2 6.9 <0.2 
U3 27.2 26 .3 8 .2 6.9 <0.2 
U4 27.2 26 .3 8 .2 6 .9 <0.2 
US 27.2 26.3 8.2 6.9 <0.2 
8/31/96 1'2 28.0 26.9 8.2 6.3 <0.2 
TS 28 .0 26 .9 8.2 6.3 <0.2 
17 28 .0 26.9 8.2 6.3 <0.2 
T9 28.0 26.9 8.2 6.3 <0.2 
.' 
9/8/96 CI 26 .5 23 .2 7 .5 6.5 <0.2 
C2 26.5 23.2 7 ,5 6.5 <0.2 
C3 26.5 23.2 7.5 6.5 <0.2 
C4 26.5 23.2 7.5 6.5 <0.2 
C5 26 .5 23 .2 7.5 6.5 <0.2 
UI 26.2 23.2 7.7 7.1 <0.2 
U2 26.2 23.2 7.7 7.1 <0.2 
U3 26.2 23.2 7.7 7.1 <0.2 
U4 26.2 23 .2 7.7 7. 1 <0.2 
US 26.2 23.2 7.7 7.1 <0.2 
9/7/96 1'2 26.6 26 .2 8.0 7.0 <0 .2 
T5 26.6 26.2 8 .0 7.0 <0.2 
17 26.6 26.2 8 .0 7.0 <0.2 
T9 26.6 26.2 8.0 7.0 <0.2 
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Appendix 8-3 Continued 
Water Total 
Temperature Salinity pH DO Ammonia 
DATE TANK (OC) (ppt) (moll) (DDml 
9/16/96 Cl 25.6 28.4 7.9 7.1 <0.2 
C2 25.6 28.4 7.9 7.1 <0.2 
C3 25.5 28.4 7.9 7.1 <0.2 
C4 25.6 28.4 7.9 7.1 <0.2 
CS 25.6 28.4 7.9 7.1 <0.2 
Ul 25.8 28.4 8.1 7.0 <0.2 
U2 25.8 28.4 8.1 7.0 <0.2 
U3 25.8 28.4 8.1 7.0 <0.2 
U4 25.8 28.4 8.1 7.0 <0.2 
US 25.8 28.4 8.1 7.0 <0.2 
9/14/96 1'2 26.2 27.5 8.2 6.8 <0.2 
TS 26.2 27.5 8.2 6.7 <0.2 
T7 26.2 27.5 8.2 6.8 <0.2 
T9 26.3 27.5 8.2 6.8 <0.2 
9/23/96 Cl 26.4 25.2 8.1 6.4 <0.2 
C2 26.4 25.2 8.1 6.3 <0.2 
C3 26.4 25.2 8.1 6.4 <0.2 
C4 26.4 25.2 8.1 6.2 <0.2 
CS 28.4 25.2 8.1 6.2 <0.2 
Ul 26.8 25.2 8.1 7.0 <0.2 
U2 26.8 25.2 8.1 7.1 <0.2 
U3 26.8 25.2 8.1 6.9 <0.2 
U4 26.8 25.2 8.1 7.0 <0.2 
US 26.8 25.2 8.1 7.0 <0.2 
9/21/96 1'2 27.1 24.9 8.0 6.9 <0.2 
T5 27.2 24.9 8.0 6.8 <0.2 
T7 27.2 24.9 8.0 6.8 <0.2 
T9 27.0 24.9 8.0 6.9 <0.2 
9/30/96 Cl 23.9 30.1 7.6 7.0 ·~0.2 
C2 23.9 30.1 7.6 7.0 <0.2 
C3 24.0 30.1 7.6 7.0 <0.2 
C4 23.9 30.1 7.6 7.0 <0.2 
CS 23.9 30.1 7.6 7.0 <0.2 
U1 25.6 30.1 7.8 7.0 <0.2 
U2 25.6 30.1 7.8 7.0 <0.2 
U3 25.6 30.1 7.8 7.0 <0.2 
U4 25.6 30.1 7.8 7.0 <0.2 
US 25.6 30.1 7.8 6.7 <0.2 
9/28/96 1'2 26.5 28.7 7.9 6.8 <0.2 
TS 26.5 28.7 7.9 6.8 <0.2 
T7 26.5 28.7 7.9 6.9 <0.2 
T9 26.5 28.7 7.9 6.7 <0.2 
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Appendix B-3 Continued 
Water Total 
Temperatura Salinity pH DO Ammanla 
DATE TANK (OC) (ppl) (mgll) (ppm) 
10/7/96 C1 25.4 26.0 7.B 7.0 <0.2 
C2 25.4 26.0 7 .B 7.0 <0.2 
C3 25.4 2B.0 7.B 7.0 <0.2 
C4 25.4 26.0 7.B 7.0 <0.2 
Cs 25.4 26.0 7 .B 7.2 <0.2 
U1 26 .0 26.0 8 .1 6.9 <0.2 
U2 26 .0 26.0 8.1 6 .9 <0.2 
U3 26.0 26.0 8.1 6.9 <0.2 
U4 26.0 26.0 8.1 6.9 <0.2 
US 26.0 2B.0 8.1 6.9 <0.2 
10/5/96 T2 26.2 26.0 8.0 6.B <0 .2 
T5 26.2 26 .0 8.0 6.8 <0.2 
T7 26.2 26.0 8.0 6.B <0.2 
19 26 .2 26.0 B.O B.B <0.2 
10/13/96 C1 26.0 25.0 7.9 6.3 <0.2 
C2 26.0 25.0 7.9 6.2 <0.2 
C3 26.0 25.0 7.9 6.2 <0.2 
C4 26.0 25.0 7 .9 6.3 <0.2 
CS 26.0 25.0 7.9 6.3 <0.2 
U1 26.5 25.0 8.1 6.9 <0 .2 
U2 26.5 25.0 8.1 6.9 <0 .2 
U3 26.5 25.0 8.1 6.9 <0.2 
U4 26.5 25 .0 8.1 7.0 <0.2 
US 26.5 25.0 8.1 6.9 <0.2 
10/12/96 T2 26.5 27.5 8.1 7.0 <0.2 
T5 26.5 27.5 8.1 7.0 <0.2 
T7 26.5 27.5 8.1 6 .8 <0.2 
19 26 .5 27.5 8.1 7.0 <0.2 
.. 
10/22/96 C1 26.7 27.4 8.2 6.3 <0 .2 
C2 26.7 27.4 8.2 6.3 <0.2 
C3 26.7 27.4 8 .2 6.3 <0.2 
C4 26.7 27 .4 8.2 6.3 <0.2 
Cs 26.7 27.4 8 .2 6.0 <0.2 
U1 27 .5 27 .4 8 .2 7.1 <0.2 
U2 27.5 27.4 8 .2 7.1 <0.2 
U3 27.5 27.4 8.2 7.1 <0.2 
U4 27.5 27.4 8.2 7.1 <0.2 
US 27.5 27.4 8.2 7.1 <0.2 
10/19/96 T2 26.5 27.0 8.0 6.9 <0.2 
Ts 26.5 27.0 8.0 6.9 <0.2 
T7 26.5 27.0 8.0 6.9 <0.2 
19 26.5 27.0 8.0 6.9 <0.2 
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Appendix 8-3 Continued 
Water Total 
Temperature Salinity pH DO Ammonia 
DATE TANK (GC) (ppt) (mgIL) (ppm) 
10/28/96 Cl 26.4 28.0 8.2 5.9 <0.2 
C2 26.4 28.0 8.2 5.9 <0.2 
C3 26.2 28.0 8.2 5.B <0.2 
C4 26.4 28.0 8.2 5.8 <0.2 
CS 26.2 28.0 8.2 5.8 <0.2 
U1 27.5 28.0 8.2 6.4 <0.2 
U2 27.5 28.0 8.2 6.4 <0.2 
U3 27.5 28.0 8.2 6.4 <0.2 
U4 27.5 28.0 8.2 6.5 <0.2 
US 27.5 28.0 8.2 6.5 <0.2 
10/26/96 T2 27.5 27.5 8. t 6.2 <0.2 
TS 27.5 27.5 8.1 6.1 <0.2 
17 27.5 27.5 8.1 6.2 <0.2 
1"9 27.5 27.5 8.1 6.2 <0.2 
11/4/96 C1 24.1 26.0 8.2 5.6 <0.2 
C2 24.1 26.0 8.2 5.6 <0.2 
C3 24.0 26.0 8.2 5.5 <0.2 
C4 24.0 26.0 8.2 5.5 <0.2 
CS 24.1 26.0 8.2 5.5 <0.2 
U1 25.5 26.0 8.2 6.5 <0.2 
U2 25.5 26.0 8.2 6.5 <0.2 
U3 25.5 26.0 8.2 6.5 <0.2 
U4 25.5 26.0 8.2 6.5 <0.2 
US 25.5 26.0 8.2 6.5 <0.2 
11/3/96 1'2 26.5 27.1 8.0 6.4 <0.2 
TS 26.5 27.1 8.0 6.3 <0.2 
17 26.5 27.0 8.1 6.5 <0.2 
1"9 26.5 27.1 8.1 6.3 <0.2 
229 
APPENDIX C: EXPERIMENT #3 
C-l Summarized Experimental Diet Data 
C-2 Experiment #3 Data Points 
C-3 Water Quality Data 
" 
230 
t..) 
'"' 
-
Summary of Data -Effect of an Experimental Diet on Juvenile Florida Pompano Growth 
Experimental Diet 
8/1/96 8/12/968/17/968/24/968/31/96 9/7/96 9/14/969/21/969/28/96 
Tank # Day 0 Day 11 Day 16 Day 23 Day 30 Day 37 Day 44 Day 51 Day 58 
T2 
T5 
T7 
T9 
Average mass / fish (g) 
Stand Deviation 
Standard Error 
18.8 
18.4 
19.9 
20.1 
19.3 
0.83 
0.41 
22.4 
22.0 
23.9 
23.3 
22.9 
0.86 
0.43 
29.8 
28.2 
33.1 
31.1 
30.6 
2.07 
1.04 
39.4 
37.0 
43.4 
40.0 
40.0 
2.64 
1.32 
53.9 
50.2 
55.5 
57.4 
54.3 
-----
3.06 
1.53 
66.0 
62.5 
66.4 
67.1 
65.5 
-------
2.05 
1.03 
Control Diet (Trout Chow) 
--
BO.4 
74.8 
74.3 
78.6 
77.0 
- ----
2.96 
1.48 
81.2 
87.9 
87.3 
91.3 
86.9 
4.20 
2.10 
91.6 
97.6 
105.4 
108.6 
100.8 
7.68 
3.84 
8/1/96 8/12/968/17/968/24/968/31/96 9/7/96 9/14/969/21/969/28/96 
Tank # Day 0 Day 11 Day 16 Day 23 Day 30 Day 37 Day 44 Day 51 Day 58 
T1 
T3 
T4 
T8 
Average mass/fish (g) 
Stand Deviation 
Standard Error 
19.2 
21.3 
19.7 
lB.O 
19.6 L-_______ 
1.31, 
0.68 
24.4 
24.5 
23.1 
22.3 
23.6 
- - - - - - ----
1.06 
0.53 
30.6 
31.4 
26.0 
30.5 
29.6 
2.45 
1.23 
37.2 
37.4 
33.8 
36.5 
36.2 
--------- -
1.66 
0.B3 
46.3 
49.0 
41.0 
4B.0 
46.1 
---- -----
3.56 
1.78 
55.1 
57.6 
49.7 
58.4 
55.2 
3.93 
1.96 
61.6 
67.3 
56.2 
70.6 
63.9 
-- - - -
6.35 
3.18 
75.2 
75.6 
70.7 
82.6 
76.0 
4.91 
2.46 
81.6 
84.4 
7B.2 
91.5 
83.9 
5.65 
2.83 
N 
...., 
N 
Tolal 
Average 
Total 
Average 
Tank .2 
N=12 .' .... e; 
FUmm! 
73 
78 
82 
83 
88 
89 
90 
96 
99 
103 
104 
Inn 
1085 
90 
Tank .1 
N ,,.""".e:; 
FUmml 
65 
77 
79 
81 
90 
90 
92 
98 
100 
103 
105 
In. 
1087 
91 
Data Point #1 - Effect of an Experimental Diet on Juvenile Pompano Growth 
WID! 
9.3 
12.3 
13.4 
16.0 
16.0 
17.1 
18.0 
22.5 
24.9 
25.2 
25.2 
25.7 
225.8 
18.8 
Wlnl 
6.1 
10.8 
12.4 
13.1 
14.0 
18.5 
19.1 
23.8 
25.9 
26.5 
28.3 
31.8 
230.3 
19.2 
,. 
Experimental Diet - 8/1/96 Day 0 
Tank '5 
N=12 ".-'''' 
FUmm! 
76 
75 
78 
79 
82 
85 
89 
90 
99 
101 
106 
lnR 
1066 
89 
WID! 
10.0 
10.1 
11.8 
13.7 
15.2 
15.4 
18.4 
19.4 
23.6 
24.5 
28.2 
.n.6 
220.9 
18.4 
Tank #7 
N=12 "-1£
FUmml 
73 
75 
79 
80 
B6 
91 
93 
98 
102 
100 
107 
112 
1098 
91 
WID! 
10.0 
10.4 
12.5 
13.1 
16.2 
18.4 
18.9 
21.9 
25.9 
26.2 
31.5 
"7 
238.7 
19.9 
FUmml 
72 
82 
83 
85 
88 
96 
92 
96 
101 
103 
106 
106 
1110 
93 
Control Diet (Trout Chow) - 8/1/96 Day 0 
Tank .3 
N=12 "':-."'" 
FUmml 
74 
78 
81 
84 
85 
91 
92 
100 
102 
105 
112 
114 
1118 
93 
10.5 
13.4 
13.5 
13.9 
15.1 
19.2 
20.7 
22.0 
25.8 
30.7 
32.8 
37.8 
255.4 
21.3 
Tank 114 
N=12 1'1:::::  £. 
FUmml 
78 
78 
80 
82 
84 
93 
98 
97 
99 
104 
103 
112 
1106 
92 
Wlnl 
10.4 
10.9 
13.8 
13.9 
14.0 
17.6 
21.8 
22.2 
23.8 
25.7 
27.2 
94.5 
235.8 
19.7 
FLlmml 
70 
76 
87 
80 
79 
83 
88 
91 
101 
92 
109 
121 
1077 
90 
Tank.9 
N=12 '",_'e.
WID! 
8.9 
12.7 
14.6 
15.0 
17.8 
20.5 
21.5 
21.8 
23.9 
25.9 
27.9 
~.1 
241.8 
20.1 
Tank.8 
N=12 "'_ £
W/n1 
6.7 
10.2 
10.8 
11.9 
13.5 
14.3 
15.0 
20.3 
20.4 
20.5 
31.8 
40.8 
216.0 
18.0 
IV 
'" '" 
Total 
Average 
Total 
Average 
Tank .2 
N=12 1"1"" ,Ie. 
FLlmml 
80 
85 
88 
91 
90 
91 
96 
103 
106 
105 
105 
tl!L 
1147 
98 
Tank " 
N=12 ''1-'''' 
FLlmm\ 
69 
81 
84 
84 
89 
96 
96 
100 
103 
110 
107 
110 
1129 
94 
Data Point #2 - Effect of an Experimental Diet on Juvenile Pompano Growth 
Experimental Diet - 8/12/96 Day 11 
WIDI 
13.1 
15.9 
16.8 
19.9 
19.6 
20.9 
21.9 
25.8 
28.2 
28,6 
28,3 
...29..8 
28B.8 
22,4 
D\ 
g,O 
14,7 
16.5 
16.9 
19,8 
24,9 
25.9 
27.6 
29,4 
35.3 
35,6 
37,4 
292.9 
24,4 
Tank '5 
N=12 1'1_" 
FUmml 
79 
80 
85 
88 
89 
90 
96 
96 
105 
106 
109 
110 
1133 
94 
WIDI 
13.5 
13.7 
15.0 
17.7 
19.0 
19.1 
21.9 
22,5 
27,0 
28.1 
32,3 
".~ 
264.1 
22.0 
Tank 11 
N=12 
''' .. It&. 
FUmml 
76 
79 
80 
85 
90 
93 
96 
99 
105 
104 
110 
US 
1132 
94 
WIDI 
12.1 
13.0 
15.8 
18.1 
"9.2 
28.0 
24.5 
26.3 
30.2 
30.8 
35,6 
~. 
287,4 
23.9 
FLlmm\ 
77 
82 
85 
89 
90 
97 
98 
103 
99 
107 
105 
108 
1140 
95 
Control Diet (Trout Chow) - 8/12/96 Day 11 
Tank .3 
N=12 "'-Ie; 
FUmm\ 
87 
82 
85 
86 
85 
93 
96 
100 
104 
112 
112 
117 
1159 
97 
Wln\ 
12.3 
15,2 
16.4 
18.5 
16,6 
21.8 
22.1 
24.5 
29.3 
35,7 
37.2 
46.6 
294.1 
24,5 
Tank '4 
N=12 ,.- ....
Flfmm\ 
76 
84 
82 
86 
93 
87 
96 
90 
99 
103 
104 
114 
1114 
93 
I'ffill. 
11.0 
15.9 
16.7 
18.3 
19.5 
20.2 
21.2 
25.5 
27.1 
28,6 
30,5 
42.3 
276.9 
23,1 
FUmm\ 
85 
97 
111 
82 
87 
69 
103 
90 
124 
69 
99 
._ .. 79. 
1115 
93 
Tank.g 
N=12 "'_,I&. 
WID\ 
13.7 
14.9 
16.3 
18.1 
20.5 
23.3 
23.7 
26.2 
28,4 
29.4 
31.8 
33.4 
279,4 
23.3 
Tank*S 
N=12 l'I;;;;'~
Wln\ 
8,6 
13,5 
14,8 
15.6 
18,1 
18.4 
18.5 
18.5 
25.8 
28,5 
37,0 
50.3 
287,2 
22.3 
I 
I 
i 
, 
I 
N 
..., 
.;>. 
Total 
Average 
Total 
Average 
Tank '2 
. - ., 
ftm' 
77 
93 
94 
94 
99 
104 
102 
104 
103 
109 
112 
113 
1204 
100 
Tank., 
... -.11: 
Rlmml 
76 
86 
89 
92 
93 
100 
101 
105 
109 
111 
113 
..115 
1190 
99 
Data Point #3 - Eff«t of an Experimental Diet on Juvenile Pompano Growth 
Experimental Diet - 8/17/96 Day 16 
WI.I 
13.6 
22 .8 
23 .5 
24.9 
28.4 
30 .5 
31 .2 
31.9 
32.5 
38.2 
39.9 
40. 1 
351.5 
29.8 
WI. I 
12.6 
19.0 
20.7 
23.0 
24 .9 
31.3 
31.1 
35.2 
37.4 
41.1 
43.0 
47 .• 
361.7 
30.8 
Tank .5 
N = II: 
FlImml 
84 
BB 
92 
93 
93 
94 
97 
99 
107 
109 
110 
113 
1177 
98 
Wlnl 
18.1 
20.0 
21.7 
22.4 
22.8 
23.6 
27.0 
28.3 
34.5 
36.6 
40.5 
43.0 
338.5 
28.2 
Tank .7 
N .. 1Z 
FU~ml 
87 
90 
90 
95 
98 
106 
105 
105 
1,. 
112 
116 
121 
1239 
103 
WIn I 
16.7 
19.1 
20.8 
25.4 
27.7 
29.0 
31.1 
34.4 
42. 9 
44.8 
47.2 
56.9 
396.6 
33.1 
F'lImml 
86 
88 
91 
92 
99 
103 
108 
105 
105 
110 
11 2 
115 
1212 
101 
Control Diet (frout Chow) - 8/17/96 Day 16 
Tonk.3 
FLlmml 
83 
86 
90 
88 
90 
99 
100 
103 
'.f 108 
116 
118 
124 
1205 
100 
1'4= lot: 
_ YIIlg) 
lB .7 
19.0 
21.0 
21.4 
21.7 
29. 1 
29.3 
31 .1 
36.4 
46.1 
46.8 
5S. 
376.8 
31.4 
Tank 14 
1'C=12 
F'Umml 
79 
88 
89 
91 
95 
95 
99 
98 
103 
107 
106 
11. 
1169 
97 
WIn' 
12.5 
18.9 
19.1 
21.8 
22 .4 
24 .1 
25.0 
21.3 
29.3 
31.9 
34.5 
45.1 
312 .5 
26.0 
"lIm",} 
13 
83 
as 
86 
93 
91 
96 
101 
104 
110 
118 
130 
1119 
98 
Tank'9 
N=12 
WI., 
18.7 
19.5 
22.1 
22.4 
26.3 
32.8 
34.1 
35. 3 
35.4 
38.8 
42. 1 
45.0 
"313 .1 
31.1 
Tank.8 
N.l. 
YIII., 
11.5 
18 .0 
20 .2 
20.4 
24 . 1 
25 .6 
26 .0 
33.8 
34 .6 
38.3 
50.3 
63.2 
385.8 
30.5 
I 
I 
I 
I 
I 
t.J 
<...> 
v. 
Total 
Average 
Total 
Average 
Tank ,2 
N=12 '''-'0'-
FlImm! 
84 
99 
100 
106 
108 
lOB 
109 
111 
111 
116 
117 
__ 117 
1288 
107 
Tank .1 
N=12 
FLlmm! 
81 
93 
97 
98 
100 
105 
108 
112 
117 
117 
118 
124 
1270 
106 
Data Point #4 - Effect of an Experimental Diet on Juvenile Pompano Growth 
Experimental Diet - 8/24/96 Day 23 
WIn! 
18.2 
2B.6 
28.9 
30.7 
37.7 
41.3 
41.9 
43.2 
43.5 
50.2 
53.6 
54.7 
H2.5 
39.4 
Win! 
16.1 
23.8 
26.5 
27.1 
29.4 
37.5 
39.1 
43.2 
46.5 
48.0 
50.3 
S8Q 
446.5 
37.2 
.' 
Tank .5 
N=12 .'1- ....
FUmm! 
92 
95 
100 
100 
107 
106 
108 
108 
112 
113 
115 
11 5 
1271 
106 
WtaL 
21.9 
25.6 
30.6 
30.B 
34.6 
35.0 
36.7 
36.9 
44.0 
45.2 
51.1 
51.7 
444.1 
37.0 
Tank '7 
N=12 '" .e.. 
FlImm! 
92 
95 
99 
107 
106 
109 
111 
112 
114 
122 
121 
135 
1323 
110 
~ 
22.0 
25.3 
2B.4 
36.6 
36.8 
37.5 
43.0 
44.9 
54.5 
5B.l 
58.9 
74.9 
520.9 
43.4 
~!..lmml 
95 
99 
97 
101 
102 
109 
116 
116 
117 
116 
122 
123 
1313 
109 
Control Diet (Trout Chow) - 8/24/96 Day 23 
Tank 13 
N= 2 
FlImm! 
91 
91 
97 
97 
96 
,105 
107 
108 
112 
123 
124 
131 
1282 
107 
Win! 
21.0 
21.5 
26.4 
26.5 
27.0 
34.5 
34.8 
36.2 
41.5 
52.7 
55.0 
71 0 
448.2 
37.4 
Tank 14 
N=12 
FUmm! 
82 
96 
96 
100 
100 
102 
104 
113 
109 
111 
114 
124 
1251 
104 
Win! 
17.6 
24.0 
24.9 
25.6 
30.9 
32.8 
33.2 
35.8 
37.0 
41.2 
47.7 
55.0 
405.6 
33.8 
Fllmm\ 
88 
90 
94 
94 
100 
104 
105 
108 
112 
116 
125 
139 
1275 
106 
Tank'9 
N=12 ..... II; 
~ 
24.5 
28.4 
29.9 
31.0 
33.1 
40.9 
42.3 
43.B 
44.7 
45.B 
56.1 
59.6 
480.1 
40.0 
Tank.8 
N=12 
Wln\ 
14.7 
21.7 
24.0 
25.1 
30.2 
32.2 
33.2 
38.7 
42.9 
44.5 
57.5 
73.2 
438.0 
36.5 
i 
I 
I 
N 
VJ 
0\ 
Total 
Average 
Total 
Average 
Tank '2 
N- 12 "'- I' 
-Ftlmml 
95 
104 
109 
110 
118 
119 
121 
126 
125 . 
130 
135 
134 
1426 
119 
DO 
100 
104 
108 
105 
113 
116 
119 
122 
124 
125 
..131 
1355 
113 
Tank 11 
,,.- ,"" 
Data Point 115 - Effect of an Experimental Diet On Juvenile Pompano Growth 
Experimental Diet - 8/31/96 Day 30 
Wlol 
26.8 
39.0 
39.4 
41.9 
50 .0 
54.8 
57.8 
61.4 
81.9 
65.9 
74.0 
742 
647 . 1 
53.9 
Wlol 
22.1 
30.9 
33.7 
35.0 
36.9 
47.3 
49.6 
53 .3 
56.5 
59.0 
60.3 
70.9 
555.5 
46 .3 
Tank .5 
N=12 ... -" 
FLlmml 
_Wla! 
97 
106 
112 
111 
115 
116 
115 
118 
122 
126 
125 
131 
1394 
116 
28 .8 
36.2 
41 .8 
43.5 
47.3 
48.6 
49.1 
52 .6 
59.9 
61.3 
64.0 
'U 
602.8 
50.2 
Tank .7 
N=12 ,,- ..... 
., Imm' 
97 
100 
104 
114 
115 
117 
120 
122 
130 
134 
134 
14ft 
1433 
119 
Wlol 
26.7 
31.0 
34 .4 
44.5 
48.D 
49.3 
51.2 
81.5 
73.0 
14 .3 
75.7 
95.6 
666. 1 
55 .5 
FLlmml 
10e 
109 
109 
115 
116 
115 
120 
122 
124 
126 
135 
137 
1435 
120 
Control Diet (Trout Chow) - 8/31/96 Day 30 
Tank '3 
FLI"",,' 
98 
98 
103 
104 
105 
114 
117 
ItS 
., 120 
132 
134 
14" 
1384 
115 
n::o: '" 
Wlol 
27. 1 
28.8 
34.2 
35.8 
36 .3 
44.5 
45 .7 
46 .3 
53.9 
67.5 
73 .3 
~ 
588.1 
49.0 
Tank '4 
1'1=12 
FLrmm\ 
88 
101 
103 
108 
105 
107 
108 
116 
111 
118 
124 
1M 
1319 
110 
Wlol 
20.5 
30. 7 
31 .8 
36.4 
36 .8 
37.2 
39.2 
43.0 
45.0 
49 .2 
58 .3 
6~. 9 
491.9 
41.0 
F\.lmml 
88 
88 
100 
103 
109 
114 
116 
115 
124 
121 
134 
...llJ!. 
1370 
114 
Tankl9 
N=12 '.-,-
WIn' 
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Data Point #8 - Effect of an Experimental Diet on Juvenile Pompano Growth 
Experimental Diet - 9 /21/96 Day 51 
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Appendix C-3 Experiment #3 Water Quality 
Water Total 
Temperatur. S.UnHy pH DO Ammonia 
DATE TANK (OC) lootl~ (mall) looml 
8/1/96 1 29 .3 24.3 8.2 5.0 <0.2 
2 29.3 24.3 8.2 5.2 <0.2 
3 29.3 24.3 8.2 5.2 <0.2 
4 29.3 24.3 8.2 5.3 <0.2 
5 29.3 24.3 8.2 5.2 <0.2 
7 29.3 24.3 8.2 5.2 <0.2 
8 29.3 24.3 8.2 5 .1 <0.2 
9 29.3 24 .3 8 .2 5.2 <0.2 
8/12/96 1 27.8 25.5 8 .1 6.6 <0.2 
2 27.8 25.5 8.1 6 .8 <0.2 
3 27 .8. 25.5 8.1 6 .8 <0.2 
4 27.8 25.5 8.1 6 . 9 <0.2 
5 27 .8 25.5 8.1 6 .8 <0.2 
7 27.8 25.5 8.1 6.8 <0.2 
8 27.7 25.5 8.1 6.8 <0.2 
9 27.8 25.5 8.1 6 .8 <0.2 
8/17/96 1 27.9 25.2 8.2 6.8 <0.2 
2 28.0 25.2 8.2 6.5 <0.2 
3 28.0 25 .2 8.2 6 .7 <0.2 
4 28.1 25.2 8.2 6.6 <0.2 
5 28.0 25 .2 8.2 6.5 <0.2 
7 28.0 25.2 8 .2 6 .5 <0.2 
8 27.9 25.2 8.2 6.6 <0.2 
9 28 .0 25.2 8.2 6 .5 <0.2 
8/24/96 1 27.9 25.7 8.1 6.8 <0.2 
2 27 .9 25.7 8.1 6 .7 <0.2 
3 27 .9 25.7 8.0 7.1 kb.2 
4 27.9 25.7 8.0 7.2 <0.2 
5 27.9 25.7 8.1 6.9 <0.2 
7 27.9 25.7 8.0 6.8 <0.2 
8 27.9 25.7 8.1 6 .7 <0.2 
9 27.9 25.7 8.0 6 .8 <0.2 
8/ 31/96 1 28.0 26 .9 7.9 7 .1 <0.2 
2 28 .0 26.9 8.0 7 .0 <0. 2 
3 28 .0 26.9 8 .1 6.8 <0.2 
4 28 .0 26.9 7.9 7 .0 <0.2 
5 28 .0 26.9 8.0 7 .0 <0.2 
7 28 .0 26.9 8.0 7 .0 <0.2 
8 28.0 26.9 8.1 6 .9 <0.2 
9 28 .0 26 .9 8.0 7 .0 <0.2 
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Appendix C-3 Continued 
Water Total 
Temper.lure Salinity pH DO Ammonia 
DATE TANK (DC) (ppt) (mg/~] (ppm] 
9/7/96 1 26.5 26.2 7.9 7.1 <0.2 
2 26 .6 26 .2 8.0 7.0 <0.2 
3 26.5 26 .2 8.0 7.3 <0.2 
4 26 .6 26 .2 8.0 7.0 <0.2 
5 26 .6 26 .2 8.0 7.0 <0.2 
7 26 .6 26 .2 8.0 7.0 <0.2 
8 26.6 26.2 8.1 6.6 <0.2 
9 26.6 26 .2 8.0 7.0 .0.2 
9/14/96 1 26.2 27.5 8. 2 7.1 <0.2 
2 26.2 27.5 8 .2 6.8 <0.2 
3 26 .2 27 .5 8.2 6 .6 <0.2 
4 26 .2 27.5 8 .2 6.7 <0.2 
5 26 .2 27.5 8.2 6.7 <0 .2 
7 26.2 27 .5 8.2 6.8 <0.2 
8 26 .2 27 .5 8 .2 7.0 <0.2 
9 26 .2 27.5 8.2 6.8 <0.2 
9/21/96 1 27.4 24 .9 8.0 6.5 <0.2 
2 27.1 25.0 8 .0 6.9 <0.2 
3 27 .2 24 .9 8.0 6.6 <0.2 
4 27.0 24.9 8.0 6.5 <0.2 
5 27 .2 24 .9 8 .0 6.8 <0.2 
7 27.2 24.9 8.0 6.8 <0.2 
8 27 .1 25 .0 8.0 6.7 <0 .2 
9 27.0 24.9 8. 0 6.9 <0.2 
9/28/96 1 25.S 28.7 28.7 6.9 <0.2 
2 26.5 28 .7 28.7 8 .8 <0 .2 
3 25.3 28 .7 28.7 6.8 <0.2 
4 26.4 28 .7 28.7 6.7 <0.2 
5 26.5 28.7 28.7 6.8 <0.2 
7 26.5 28 .7 28.7 6 .9 <0.2 
8 26.5 28.7 28.7 6.8 <0.2 
9 26.5 28 .7 28.7 6.7 <0.2 
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APPENDIX D: EXPERIMENT #4 
D-l Summarized Comparative Feeding 
Regimes 
D-2 Experiment #4 Data Points 
D-3 Water Quality Data 
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Comparison of a Demand Feeding Regime vs. Timed Ration Delivery 
Timed Delivery Regime (Control) 
lZ/19/ 96 1/3/'1J l/l0/'1J 1/20/97 1/27/'1J 2/3/97 2/10/'1J 2/17/97 2/24/97 3/4/97 3/10/97 3/18/97 
Average rna 
STDEV 
Standard E 
Tank II D.P.'I 
n 154 
T3 169 
T5 141 
T8 166 
IS/fish (g 158 
12.8 
ror (SEM) 6.4 
D.P.'2 D.P.~3 D.P.~4 D.P.'5 D.P.'6 . -- -
155 156 157 160 162 
170 171 172 175 178 
142 144 146 149 152 
168 170 174 178 182 
159 160 162 166 169 
13.0 12.8 13.2 13.5 14.0 
6.5 6.4 6.6 6.8 7.0 
D.P.17 D.P.'8 DP.,9 D.P.'10 D.P.'II D.P.'12 
-- - - . . 
165 168 171 175 178 181 
182 185 189 194 197 201 
156 160 163 167 170 174 
186 190 194 199 203 207 
172 176 179 184 187 191 
14.2 14.1 14.7 15.2 15.6 15.8 
7.1 7.1 7.3 7.6 7.8 7.9 
.-
Demand Feeding Regime 
Average rna 
STDEV 
Standard E 
12/29/96 1/3/97 
Tank 41 D.P . • 1 D.P .• 2 
1'2 157 158 
T4 153 154 
17 159 161 
1'9 167 169 
sslfish (g 159 161 
5.9 6.4 
ror (SEM) 2.9 3.2 
1/10/'1J 1/20/'1J 
D.P . • 3 D.P. f4 
158 160 
156 158 
163 167 
172 176 
162 165 
• 7.1 8.1 
3.6 4.1 
1/7:1/'1J 
D.P. 15 
162 
161 
171 
180 
169 
8.9 
4.4 
2/3/'1J 
D.P. 16 
164 
164 
175 
185 
172 
10.1 
5.0 
2/10/97 2/17/97 
D.P." D.P.'8 
167 170 
168 172 
179 164 
189 194 
176 180 
10.4 11.2 
5.2 5.6 
2/24/'1J 3/4/'1J 3/10/'1J · 3/18/97 
D.P. IS D.P .• 10 D.P.'l1 D.P .• 12 
173 176 179 182 
175 180 183 167 
188 192 196 200 
198 203 208 212 
184 188 192 195 
11.7 12.2 13.2 13.5 
5.9 6.1 6.6 6.8 
• 
,-.> 
~ 
Total 
Average 
Total 
Average 
--
Data Point #1 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 12/29 /96 Day 0 
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1594 
,59 
Tank '8 
N-10 
FLlmml I Wlal 
170 
182 
182 
,85 
,94 
'92 
197 
,94 
2'0 
219 
1925 
193 
Tank .9 
N=10 
FLlmml 
176 
,77 
188 
188 
188 
189 
192 
196 
200 
216 
19,0 
191 
, 18 
'30 
138 
140 
152 
154 
175 
187 
221 
249 
,664 
166 
-""'laL 
128 
137 
140 
140 
160 
163 
,65 
184 
218 
239 
16H 
167 
t;;: 
0\ 
Total 
Average 
Tolal 
Average 
Data Point #2 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) -1/3/97 Day 5 
Tank '1 Tank '3 Tank . 5 Tank '8 
N=10 Na;10 N:-10 NzlO 
F./mm' Wlal FLlmml Wlal F. 'mm' Wlal F. /mm' .Wlllt 
162 97 157 83 145 71 171 119 
177 121 164 104 163 95 183 131 
181 125 185 143 173 112 183 140 
183 141 183 147 181 130 185 142 
185 152 194 160 185 139 194 153 
188 154 196 163 183 142 193 154 'I 
201 165 194 181 198 168 198 177 
204 192 204 196 204 173 194 188 
206 197 220 244 196 182 210 221 
200 202 231 277 207 20B 220 251 
1887 
189 
Tank .2 
1546 
155 
N=lQ 
FLCmml I Wlol 
172 91 
182 127 
184 132 
188 157 
193 
197 
190 
199 
201 
_203 
1909 
191 
161 
169 
171 
177 
190 
_:l'g~ 
1576 
158 
1928 
193 
1698 
170 
1835 
184 
1420 
142 
Demand Delivery of Food Ration -1/3/97 Day 5 
Tank '4 
NelD 
Wlol 
198 177 
192 156 
195 169 
193 172 
165 
193 
207 
178 
173 
~ 
1876 
188 
92 
184 
222 
127 
117 
-12.1. 
1543 
154 
Tank /11 
N""lO 
Wlal 
161 103 
170 116 
185 135 
187 140 
187 
182 
192 
195 
202 
.:l:ll 
1888 
189 
150 
152 
110 
181 
192 
...2L3.. 
1612 
1 61 
1931 
193 
1676 
168 
Tank #9 
N=lO 
FLlmml I Wlal 
178 129 
176 137 
189 142 
190 143 
188 
190 
192 
197 
201 
2.1L 
1916 
192 
161 
164 
166 
187 
220 
242 
1691 
169 
""' ~ 
Total 
Average 
Total 
Average 
Data Point Jl3 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 1/10/97 Day 12 
Tank ., Tank '3 Tank .5 Tank 18 
N=10 N=10 Ncl0 N=10 
.. , 'mm' WIg) FLlmm) . Wla) Fllmm) WID) F' lmml WID) 
163 99 157 86 144 74 170 121 
177 122 165 106 164 96 182 135 
180 126 186 148 173 113 \82 143 
183 142 183 148 180 132 186 144 
186 152 194 161 185 140 194 155 
151 154 198 164 184 IH 194 159 
202 167 182 181 198 169 198 180 
205 194 204 197 202 175 193 190 
208 198 221 246 195 183 209 222 I 
20i 203 230 278 208 2M 220 252 
1854 
185 
1557 
156 
Tank .2 
N.1Q 
S:I Imm\ i wea) 
171 
181 
184 
188 
192 
197 
190 
198 
202 
202 
1905 
191 
98 
129 
132 
157 
162 
170 
172 
177 
t.91 
196 
1584 
158 
1918 
192 
1713 
171 
1833 
183 
1435 
144 
Demand Delivery of Food Ration - 1/10/97 Day 12 
166 
172 
183 
179 
191 
195 
193 
198 
192 
208 
1877 
188 
95 
118 
129 
129 
157 
170 
174 
177 
185 
223 
1557 
156 
Tank '7 
N.cl0 
Fllmml I _W(o). 
160 
169 
185 
188 
183 
188 
193 
194 
202 
226 
1888 
189 
·105 
117 
139 
143 
153 
1.3 
172 
183 
193 
275 
1633 
113 
1928 
193 
1ank .9 
1701 
170 
N=lO 
FUmml I Wlo) 
175 
176 
188 
191 
188 
191 
192 
196 
202 
218_ 
1917 
192 
131 
142 
145 
145 
165 
168 
169 
190 
223 
~45 
1723 
172 
~ 
"" 
Total 
Average 
Total 
Average 
Data Point #4 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 1/20/97 Day 22 
Tank 11 
N:9 
Fl/mm\ _ WCal 
162 
175 
181 
185 
182 
201 
20~ 
204 
206 
1700 
189 
102 
124 
127 
144 
153 
168 
194 
200 
205 
1417 
157 
Tank .2 
N=lD 
FLlmml I Wlal 
172 
160 
184 
180 
190 
196 
191 
196 
200 
201 
1890 
189 
100 
131 
133 
158 
162 
171 
175 
178 
193 
~ 
1597 
160 
Tank 13 
N:9 
--- -
FL(mml _ _ Wfal 
166 
187 
201 
229 
220 
185 
192 
158 
195 
1733 
173 
109 
150 
200 
280 
248 
147 
162 
89 
167 
1552 
172 
Tank .5 
N:.LO 
FI tmml -r-W'-O) 
142 
165 
172 
180 
184 
183 
199 
202 
193 
209 
1829 
183 
76 
101 
115 
136 
144 
148 
170 
177 
185 
212 
1464 
146 
Demand Delivery of Food Ration -1/20/97 Day 22 
185 
170 
179 
183 
191 
194 
194 
197 
192 
~01_ 
1872 
187 
Tank .4 
N=10 
Wfal 
98 
120 
133 
134 
160 
171 
176 
179 
186 
225 
1582 
158 
Tank .7 
He19 
FLfmm\ I Wfal 
161 
170 
184 
188 
187 
183 
193 
194 
201 
~ 
1886 
189 
110 
121 
143 
1~8 
155 
158 
174 
188 
197 
2U 
1671 
167 
Tank 16 
N=10 
Fl/mm\ 1- W1.a.L 
189 
182 
185 
182 
194 
193 
198 
194 
208 
220 
1925 
193 
Tank #9 
128 
137 
145 
146 
159 
163 
185 
194 
226 
253 
1736 
174 
N-l0 
FLfmm\ I Wllll 
175 
175 
190 
188 
189 
192 
193 
196 
204 
~17 
1919 
192 
136 
144 
148 
149 
167 
170 
173 
193 
228 
25jl 
1758 
176 
t..) 
~ 
Total 
Average 
Total 
Average 
Data Point #5 - The Effect of Different Feeding Regimes on Juvi!nile Pompano Growth 
Timed Delivery of Food Ration (Control) - 1/27/97 Day 29 
Tank .1 
~llmm\ 
164 
175 
180 
187 
183 
200 
204 
205 
206 
1704 
189 
N =9 
Tank .2 
N=10 
lImml 
173 
181 
[83 
181 
190 
195 
192 
197 
201 
201 
1894 
189 
Wlo\ 
105 
127 
129 
148 
155 
170 
195 
205 
206 
1440 
160 
Wlnl 
104 
134 
135 
161 
165 
174 
176 
180 
la.~ 
197 
1621 
162 
Tank .3 
N =9 
FlImm\ 
159 
167 
185 
180 
193 
196 
201 
221 
228 
1730 
173 
Wlo\ 
93 
111 
148 
152 
165 
169 
201 
252 
283 
1574 
175 
143 
165 
172 
181 
185 
184 
198 
202 
194 
210 
1834 
183 
Tank .5 
N=10 
Wlo\ 
79 
103 
120 
139 
148 
151 
172 
178 
187 
215 
1492 
149 
Demand Delivery of Food Ration - 1/27/97 Day 29 
Tank .4 
N~ 10 
~Umml 
164 
172 
178 
184 
190 
195 
194 
198 
193 
208 
1876 
188 
Wlnl 
100 
124 
135 
137 
163 
176 
178 
181 
188 
228 
1610 
161 
Tank .7 
N-l0 
~I Imml 
162 
171 
183 
189 
186 
183 
193 
194 
201 
225 
1887 
189 
Wlnl 
116 
125 
146 
153 
158 
162 
176 
191 
199 
279 
1705 
171 
Tank '8 
N= 10 
FUmm\ 
170 
181 
184 
182 
194 
194 
198 
194 
209 
221 
1927 
193 
Tank .9 
N=10 
~[ Imml 
176 
178 
190 
189 
191 
192 
193 
197 
206 
219 
1931 
193 
Wla\ 
134 
142 
149 
151 
163 
167 
189 
197 
231 
257 
1780 
178 
Wlnl 
140 
149 
152 
155 
171 
176 
179 
195 
232 
255 
1804 
180 
, 
IV 
lA 
o 
Total 
Average 
Total 
Average 
Data Point #6 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 2/3/97 Day 36 
Tank .1 
N=9 
FLlmmL I WIG) 
184 107 
175 129 
181 132 
187 149 
183 157 
200 174 
204 197 
205 205 
206 207 
1705 
189 
Tank '2 
N=10 
1458 
162 
FUmm) WI.) 
174 
183 
182 
181 
191 
194 
192 
196 
201 
201 
1895 
190 
106 
137 
137 
162 
167 
178 
179 
183 
197 
196 
1644 
164 
Tank .3 
N=9 
FJ../mm) 'fJ11Jj 
160 97 
169 116 
185 150 
181 155 
192 168 
196 172 
203 204 
222 255 
230 285 
1738 
193 
1602 
178 
Tank _5 
N_l0 
~l/mm\ Wlal 
145 82 
166 106 
174 125 
182 141 
186 151 
185 153 
198 176 
203 179 
194 189 
211 ll.ll 
1844 
184 
1520 
152 
Demand Delivery of Food Ration - 2/3/97 Day 36 
";.t 
Tank #4 
N=10 
Fl fmm\ ---.Wlal 
164 
174 
178 
185 
191 
195 
195 
199 
194 
210 
1885 
189 
105 
126 
139 
141 
165 
178 
181 
185 
191 
229 
1640 
184 
Tank 417 
N_l0 
Ellrom) ~t 
165 
174 
184 
190 
186 
188 
195 
195 
203 
225 
1905 
191 
120 
131 
149 
155 
162 
169 
181 
196 
203 
280 
1746 
175 
Tank wa 
N_l0 
Fllmm) WID) 
174 141 
182 148 
186 153 
185 156 
195 166 
194 169 
199 194 
196 201 
210 234 
223 261 
1944 
194 
Tank #9 
N=10 
1823 
182 
Fl Imm\ ----.W1at 
178 
179 
191 
188 
193 
192 
194 
196 
208 
220 
1939 
194 
144 
154 
159 
162 
176 
178 
184 
198 
234 
260 
1849 
185 
N 
(.h 
-
Total 
Average 
Total 
Average 
-~~~ --.~~~- _. , 
Data Poinl #7 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 2/ 10/97 Day 43 
166 
177 
183 
188 
184 
201 
205 
206 
207 
1717 
90 
Tank '1 
N=9 
Wlol 
111 
134 
135 
153 
160 
176 
200 
208 
209 
1486 
165 
Tank 12 
NzlQ 
Fllmml i WID) 
175 
181 
185 
182 
191 
191 
195 
196 
202 
202 
1900 
190 
110 
140 
140 
165 
170 
161 
161 
185 
2.90 
2'00 
1672 
167 
Tank .3 
N=9 
FlImm\ i Win' 
162 
170 
186 
182 
194 
196 
205 
224 
231 
1750 
194 
102 
118 
154 
159 
171 
175 
209 
258 
288 
1634 
182 
Tank '5 
N=lO 
~L!mml LW1!Ii 
148 
167 
175 
185 
188 
186 
197 
202 
195 
212 
1855 
186 
89 
110 
128 
144 
156 
158 
180 
180 
191 
2~ 
1555 
156 
Demand Delivery of Food Ration - 2/10/97 Day 43 
167 
176 
180 
186 
191 
194 
196 
201 
198 
211 
1898 
190 
Tank '4 
N-1Q 
WIDl 
110 
130 
143 
147 
169 
182 
186 
189 
195 
232 
1683 
168 
Tank #7 
N=10 
FLlmml i WID\ 
167 
176 
185 
190 
188 
190 
195 
196 
205 
228 
1920 
192 
125 
138 
155 
159 
168 
174 
185 
199 
207 
~ 
1793 
179 
Tank .8 
N=10 
FI fmm\ I \l'l.Ul.t 
175 
IB4 
187 
167 
195 
195 
198 
198 
212 
226 
1957 
196 
179 
183 
190 
189 
193 
192 
195 
198 
211 
224 
1954 
195 
Tank .9 
N=19 
146 
151 
156 
160 
169 
172 
199 
205 
237 
265 
1860 
186 
WID) 
148 
159 
163 
167 
181 
182 
187 
202 
237 
265 
1891 
169 
'" VI 
N 
.~ 
Total 
Average 
Total 
Average 
Data Point #8 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 2/17/97 Day 50 
Tank 11 
N=9 
FUmm\ _ W1..!lt 
168 114 
178 
184 
189 
185 
202 
206 
209 
210 
1731 
192 
Tank #2 
N-10 
137 
139 
157 
163 
180 
203 
211 
212 
1516 
168 
Wla\ 
176 112 
185 142 
183 
185 
192 
191 
195 
196 
202 
202 
1907 
191 
144 
167 
173 
183 
185 
187 
2$!1 
263 
1697 
170 
Tank .3 
N=9 
_ FI./mml WJJlL 
164 106 
172 
187 
183 
194 
196 
209 
226 
234 
1765 
196 
123 
157 
163 
174 
179 
213 
261 
292 
1668 
185 
Tank 15 
N=10 
Fl.lm.ml . L_ WIlIl 
152 94 
168 
178 
184 
188 
188 
203 
198 
199 
199 
1857 
186 
116 
131 
148 
159 
162 
183 
183 
195 
224 
1595 
160 
Demand Delivery of Food Ration - 2/17/97 Day 50 
Tank .4 
..1W1I. 
Wla\ 
168 116 
178 134 
183 
186 
190 
195 
196 
202 
196 
212 
1906 
191 
147 
150 
172 
187 
189 
191 
198 
236 
1720 
172 
Tank'7. 
N=19 
FLlmmi I WID\ 
168 129 
178 143 
187 
191 
189 
191 
197 
196 
206 
227 
1930 
193 
160 
163 
172 
179 
189 
203 
211 
287 
1836 
184 
Tank .8 
N=10 
I=Umm\ Win' 
177 151 
185 
186 
187 
195 
194 
200 
200 
212 
227 
1963 
196 
Tank t9 
N=10 
155 
161 
165 
172 
177 
203 
209 
241 
268 
1902 
190 
Wlal 
183 153 
185 163 
189 
190 
195 
193 
196 
200 
212 
225 
1968 
197 
168 
171 
186 
187 
190 
208 
243 
2d7 
1936 
194 
~ 
Vl 
Total 
Average 
Total 
Average 
Data Point #9 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 2/24/97 Day 57 
Tank ., 
N-9 
. FLlmml I n Wlal. 
170 
180 
186 
190 
184 
203 
206 
210 
210 
1739 
193 
Tank '2 
N=10 
118 
139 
143 
160 
164 
188 
205 
213 
215 
1543 
171 
~Ifmm\ ~ 
177 
187 
185 
188 
191 
192 
197 
195 
202 
204 
191B 
192 
liB 
145 
149 
169 
174 
186 
lB8 
191 
294 
205 
1729 
173 
Tank '3 
;;;-¥ ...wi.) 
165 
173 
188 
185 
193 
198 
210 
225 
235 
1772 
197 
111 
128 
162 
169 
175 
185 
216 
263 
294 
1703 
189 
Tank '5 
~10 
Fllmm Wiat 
155 
169 
178 
185 
189 
189 
199 
202 
200 
...2..12 
1878 
188 
99 
120 
136 
153 
161 
168 
184 
185 
199 
223 
162B 
163 
Tank .8 
N-19 
J.lJmml r Wia) 
178 
186 
188 
198 
189 
194 
202 
203 
213 
22B 
1977 
198 
158 
159 
165 
168 
174 
181 
205 
210 
245 
274 
1939 
194 
Demand Delivery of Food Ration - 2/24/CJ7 Day 57 
Tank '4 
N.l0 
Fllmml Wi.l 
169 
180 
184 
188 
190 
196 
203 
197 
196 
213 
1916 
192 
120 
139 
149 
156 
174 
188 
193 
194 
201 
240 
1754 
175 
Tank .7 
N. 10 
FL1m.mL-1 Wial 
168 
177 
186 
190 
188 
192 
198 
200 
208 
230 
1937 
194 
135 
147 
166 
168 
177 
183 
194 
207 
210 
291 
1878 
188 
Tank '9. 
N=10 
FLlrnm\ Wln\ 
184 
185 
190 
192 
195 
194 
199 
205 
213 
...2.27 
1984 
198 
160 
166 
174 
179 
189 
190 
195 
213 
246 
269 
1961 
198 
N 
lA 
"'" 
Total 
Average 
Total 
Average 
Data Point 1110 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 3/4/97 Day 65 
172 
181 
185 
189 
185 
203 
205 
212 
211 
1743 
194 
Tank .1 
N ~9 
Tank .2 
N=10 
Wlnl 
122 
143 
147 
164 
168 
188 
207 
216 
219 
1574 
175 
WID) 
178 123 
188 149 
185 
187 
192 
192 
195 
198 
205 
205 
1925 
193 
154 
170 
177 
188 
189 
195 
2.97 
208 
1760 
176 
167 
175 
188 
188 
192 
197 
213 
225 
238 
1783 
198 
Tank .3 
N~9 
Wln\ 
115 
133 
168 
172 
180 
189 
221 
266 
298 
1742 
194 
Tank 85 
N~10 
FLlmm' 
156 
170 
180 
187 
188 
188 
198 
202 
200 
"10_ 
1879 
188 
WIn' 
102 
126 
139 
158 
165 
174 
187 
187 
201 
226 
1665 
167 
Demand Delivery of Food Ration - 3/4/97 Day 65 
Tank #4 
N-l0 
WID\ 
170 127 
181 144 
185 
187 
191 
198 
204 
198 
204 
216 
1934 
193 
152 
160 
178 
191 
197 
199 
205 
243 
1796 
180 
Tank #7 
N;;;19 
FUmm) I WID) 
170 140 
178 152 
188 
192 
190 
195 
199 
205 
210 
232 
1959 
196 
168 
173 
179 
188 
196 
211 
214 
294 
1915 
192 
Tank #8 
N~10 
FLlmm' 
180 
188 
188 
190 
198 
196 
205 
206 
215 
"!'In 
1996 
200 
WIn' 
162 
164 
168 
177 
184 
188 
209 
213 
249 
275 
1989 
199 
Tank 19 
N=10 
FLlmm) I WIO) 
188 166 
186 169 
192 
198 
198 
197 
201 
208 
217 
228 
2011 
201 
180 
185 
194 
195 
200 
217 
249 
273 
2028 
203 
Iv 
\..h 
V. 
Total 
Average 
Total 
Average 
Data Point #11 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 3/10/97 Day 71 
Tank .1 
FUmml 
175 
183 
188 
190 
187 
204 
206 
213 
214 
1760 
196 
178 
188 
189 
189 
192 
192 
196 
200 
205 
206 
1935 
194 
N=9 
Tank .2 
--""'1lL 
WIDl 
125 
147 
152 
167 
170 
191 
210 
218 
223 
1603 
178 
WIDl 
126 
152 
158 
173 
181 
191 
193 
196 
§~~ 
1789 
179 
Tank #3 
N =9 
FUmml 
169 
178 
189 
190 
193 
196 
214 
226 
240 
1795 
199 
Wlal 
119 
137 
173 
175 
182 
193 
224 
269 
299 
1771 
197 
Tank .5 
N=10 
.'Imml 
158 
173 
182 
187 
188 
190 
199 
202 
203 
211 
1893 
189 
WIDl 
107 
131 
141 
163 
168 
179 
189 
191 
205 
230 
1704 
170 
Demand Delivery of Food Ration - 3/10/97 Day 71 
Tank #4 
N-l0 
FI Imm\ I w(o) 
174 
182 
186 
187 
192 
200 
204 
200 
205 
216 
1946 
195 
134 
147 
155 
164 
181 
195 
199 
205 
208 
244 
1832 
183 
Tank .7 
N=lQ 
FLlmml 1 __ Wllll_ 
173 
180 
188 
193 
192 
197 
201 
210 
206 
231 
1971 
197 
144 
159 
172 
176 
185 
192 
203 
216 
216 
299 
1962 
196 
Tank #8 
FUmml 
181 
188 
189 
193 
198 
198 
206 
208 
217 
230 
2008 
201 
N=10 
Tank .9 
WIDl 
165 
169 
174 
181 
187 
192 
213 
218 
251 
27B 
2028 
203 
N[Il--: 
_FLlmml _~WlaL 
18B 
187 
193 
196 
199 
198 
200 
210 
218 
228 
2017 
202 
171 
176 
185 
191 
199 
202 
204 
222 
253 
277 
2080 
208 
~ 
0\ 
Tota! 
Average 
Total 
Average 
Data Point #12 - The Effect of Different Feeding Regimes on Juvenile Pompano Growth 
Timed Delivery of Food Ration (Control) - 3/18/97 Day 79 
Tank.l 
N =9 
Fllmm\ 
177 
185 
189 
191 
189 
204 
206 
214 
215 
1770 
197 
Tank .2 
N=10 
Wln\ 
lao 
151 
155 
169 
172 
194 
211 
220 
225 
1627 
181 
FUmm\ _WIDI 
180 
190 
190 
192 
193 
197 
196 
203 
206 
...2Jl1.. 
1954 
195 
131 
156 
160 
175 
183 
195 
195 
198 
212 
\~, ~ 
1818 
182 
rank .a 
N =9 
FLlmml 
170 
180 
190 
191 
193 
195 
217 
229 
244 
1809 
201 
Wlnl 
122 
141 
176 
179 
187 
196 
230 
275 
303 
1809 
201 
rank #5 
N=,O 
FUmm) 
158 
174 
181 
188 
190 
192 
200 
202 
204 
214 
1903 
190 
Wlnl 
110 
135 
145 
166 
170 
183 
191 
194 
207 
235 
1736 
174 
Demand Delivery of Food Ration - 3/18/97 Day 79 
Tank '4 
N=IO 
FL{mml '-Win) 
175 
184 
185 
188 
193 
201 
204 
203 
206 
..2.18 
1957 
196 
139 
151 
158 
168 
184 
199 
201 
207 
210 
...2A8 
1865 
187 
Tank .7 
N=10 
~llmm' Wlal 
175 
183 
189 
192 
194 
198 
200 
212 
209 
....2.3.2.. 
1984 
198 
148 
162 
175 
177 
189 
194 
208 
220 
225 
....3JI.3 . 
2001 
200 
Tank #8 
N=10 
FUmml 
182 
189 
190 
195 
200 
199 
207 
210 
221 
232 
2025 
203 
Tank #9 
N=IO 
Weal 
169 
175 
176 
188 
195 
196 
214 
222 
255 
283 
2073 
207 
FLlmml .-.L.~ 
190 
189 
196 
199 
204 
202 
203 
212 
222 
...2aO 
2047 
205 
175 
181 
188 
195 
202 
205 
209 
226 
260 
~I 
2122 
212 
• 
AppendiX D-3 Experiment #4 Water Quality 
Waler Total 
Temper.ture Salinity pH DO Ammonl. 
DATE TANK ("C) (ppt) (mall) (ppm) 
12/29/96 1 24.1 31.0 7.9 7 .0 <0.2 
2 24.0 31.0 7 .8 6 .8 <0.2 
3 24.0 31.0 7 .9 7 .0 <0.2 
4 24 .0 31.0 7 .9 7.0 <0.2 
5 24 .1 31.0 7 .6 7 .0 <0.2 
7 24.1 31.0 7 .9 7.0 <0.2 
8 24 .1 31 .0 7 .9 6 .9 <0.2 
9 24.1 31.0 7 .9 7 .0 <0.2 
1/3/97 1 24.0 32.2 8 .3 7.2 <0.2 
2 24.0 32.2 8 .0 7.2 <0.2 
3 24 .0 32.2 8 .0 7 .2 <0.2 
4 24.0 32.2 8 .2 7.2 <0.2 
5 24.0 32.2 8 .1 7 .2 <0.2 
7 24 .3 32.2 8 .3 7 .3 <0.2 
8 24.4 32.2 8 .2 7 .3 <0.2 
9 24 .4 32.2 8 .3 7 .3 <0.2 
1/10/97 1 22.6 31 .0 8 .2 7 .4 <0.2 
2 22.5 31.0 7 .9 7 .4 <0.2 
3 22.6 31 .0 8.1 7.5 <0.2 
4 22.6 31 .0 8.1 7 .7 <0.2 
5 22.6 31 .0 8 .1 7.7 <0.2 
7 22.6 31 .0 8. 1 7 .8 <0.2 
8 22.7 31.0 8 .1 7 .5 <0.2 
9 22.6 31 .0 8 .1 7 .5 <0.2 
1/20/97 1 17.5 32.4 8 .0 7.8 <0.2 
2 17.5 32 .4 8 .0 7.8 <0.2 
3 17.5 32 .4 8 .0 7 .6 <Q.2 ,.~ 
4 17.5 32.4 8 .0 7.6 <0.2 
5 17.5 32.4 8 .0 7 .8 <0 .2 
7 17.5 32.4 8 .0 7 .7 <0.2 
8 17.5 32.4 8.0 7 .0 <0.2 
9 17.5 32.4 8.0 7 .7 <0.2 
2/3/97 1 23 .6 25.9 8 .2 7 .1 <0.2 
2 24.1 25.9 7 .9 7.3 <0.2 
3 23 .9 25.9 8 .0 7 .0 <0.2 
4 23.7 25.9 8.3 7 .0 <0.2 
5 23.8 25.9 8.3 7 .2 <0.2 
7 23.9 25.9 8 .2 7 .1 <0.2 
8 23.6 25.9 8.3 7 .2 <0.2 
9 23.8 25 .9 8 .3 7 .2 <0.2 
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Appendix 0·3 Continued 
Water Tolal 
Temper.ture S.lInlty pH DO Ammonia 
DATE TANK (OC) IDDtI Ima/L) Ippml 
2/10/97 1 24 .3 26.8 7 .8 6.9 <.0 .2 
2 23.9 26 .B 7.8 7.0 <0.2 
3 24.3 26.8 7 .B 7.0 <0.2 
4 24.4 26.8 7 .8 7.0 <0.2 
5 24.3 26.B 7.B 6.9 <0.2 
7 24.0 26.8 7.B 6.8 <0.2 
8 24.2 26.8 7.9 6.9 <0.2 
9 24.2 26.8 7 .9 B.9 <0.2 
2/17/97 1 23.1 27.2 7.9 7.0 <0.2 
2 22.8 27.2 8 .0 7 .0 <0.2 
3 23.0 27.2 8 .0 7.0 <0.2 
4 23.0 27.2 8 .0 6 .9 <0.2 
5 23.0 27.2 B.O 6.9 <0.2 
7 23.1 27.2 8 .0 7.0 <0.2 
8 23.1 27.2 8 .0 7 .1 <0.2 
9 23.1 27.2 8 .0 7.2 <0.2 
2/24/97 1 25.7 26.4 7.8 6.6 <0.2 
2 25.7 26.4 7 .B 6 .5 <0.2 
3 25 .7 26.4 7 .7 6.5 <0.2 
4 25.8 26.4 7 .8 6.5 <0.2 
5 25.7 26.4 7.8 6.0 <0.2 
7 25.7 26.4 7.8 6.6 <0.2 
8 25 .7 26.4 7.8 6 .6 <0,2 
9 25.7 26.4 7 .8 6.6 <0.2 
3/4/97 1 26.2 27.8 7 .5 6 .3 <0.2 
2 26.1 27.8 7.7 6.2 <0.2 
3 28.0 27.8 7 .6 6.2 :.0.2 
4 26.0 27.8 7.5 6.3 <0 .2 
5 26.0 27.8 7 .6 6.4 <0.2 
7 26.1 27.8 7.3 6.5 <0.2 
8 26 .1 27 .8 7 .6 6 .4 <.0.2 
9 26.1 27.8 7 .5 6.4 <0.2 
3/10/97 1 26 .9 25.5 7 .6 6 .4 <0.2 
2 26 .9 25.5 7 .5 6.4 <0.2 
3 27.0 25.5 7 .4 6.5 <0.2 
4 27 .0 25.5 7 .5 6 .5 <0.2 
5 27.0 25.5 7.5 6.5 <0.2 
7 27 .0 25.5 7 .5 6.5 <0.2 
8 27.0 25.5 7.6 6 .5 <0.2 
9 27.1 25.5 7 .6 6.3 <0 .2 
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Appendix 0-3 Continued 
Water Total 
Temper.tur. SaUnlty pH DO Ammonia 
DATE TANK (OC) (oot) (mall) (Dom! 
3/18/97 1 27.0 27.3 7.5 6.1 <0.2 
2 27.0 27.3 7.4 6.2 <0.2 
3 27.0 27.3 7.5 6.1 <0.2 
4 27.0 27.3 7.5 6.1 <0.2 
5 27.1 27.3 7.5 6.3 <0.2 
7 27.1 27.3 7.6 6.1 <0.2 
8 27.0 27.3 7.5 6.1 <0.2 
9 27.0 27.3 7.5 6.1 <0.2 
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